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The synthesis and characterization of the room temperature and solution stable 
silylpalladium cations [(PCy3)2Pd−SiR3][(C6F5)4B] (SiR3 = SiMe2Et, SiEt2H) and 
[(Xantphos)Pd−SiR3][BAr
F
4] (SiR3 = SiMe2Et, SiEt2H; Xantphos = 4,5-
bis(diphenylphosphino)-9,9-dimethylxanthene; BArF4
− = −B(3,5-(CF3)2-C6H3)4) are reported. 
Spectroscopic and ligand addition experiments indicate that silylpalladium complexes of the 
type [(PCy3)2Pd−SiR3]
+ are 3-coordinate and T-shaped, while complexes of the type 
[(Xantphos)Pd−SiR3]
+ contain the Xantphos ligand coordinated in a pincer form. Addition of 
dialkyl ethers to both the PCy3 and Xantphos-ligated silylpalladium cations resulted in the 
cleavage of C(sp3)−O bonds and the generation of cationic Pd−alkyl complexes. 
Mechanistically enabling is the ability of silylpalladium cations to behave as both sources of 
electrophilic silylium ions (SiR3
+) and nucleophilic palladium complexes (LnPd(0)). 
The stoichiometric addition of aryl and alkyl nitriles to the silylpalladium cation 
[(PCy3)2Pd−SiMe2Et][(C6F5)4B] resulted in the cleavage of the nitrile C−CN bond and the 
formation of palladium−aryl and palladium−alkyl cations. Low-temperature experiments 
support a mechanism where the silylpalladium cation transfers silylium to nitrile, generating 
a silylnitrilium cation and the reduced, zerovalent complex, Pd(PCy3)2. These two 
intermediates readily recombine at low-temperatures to generate palladium−(N-
iv 
silyl)iminoacyl complexes, which upon warming can undergo aryl/alkyl group migration 
from the iminoacyl ligand to the metal. Additional experiments show that palladium−(N-
silyl)iminoacyl cations are potent sources of silylium, capable of cleaving the methyl C−O 
bond of an ether, while DFT calculations confirm the electrophilicity of the silyl moiety.
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CHAPTER 1. SILYLPALLADIUM CATIONS ENABLE THE OXIDATIVE 
ADDITION OF C(SP3)−O BONDS 
 
1.1. INTRODUCTION 
Since Wilkinson’s first reported synthesis in 1953 of a transition-metal complex with 
a silyl ligand, Cp(CO)2FeSiMe3,
1 the number of compounds containing formal metal−silicon 
bonds have grown to include nearly every transition metal.2–7 Like their alkyl congeners, silyl 
ligands are typically classified as anionic X-type ligands according to the Covalent Bond 
Classification (CBC) method.8,9 Silyl ligands, out of all the common ligand types, have one 
of the highest trans influences.10–12 The strong trans influence is a result of the strong σ-
donating ability of the silyl ligand. One of the manifestations of this strong trans influence is 
a decrease in the stretching frequency of the metal−ligand bond trans to the silyl ligand, with 
this change demonstrative of a lengthened and weakened metal−ligand bond. An example of 
the strong trans influence of silyl ligands is Glockling’s report that the Pt−Cl stretching 
frequency of trans-PtCl(SiMe3)(PEt3)2 is 238 cm
-1, a frequency significantly lower than the 
Pt−Cl stretching frequencies for the analogous trans-PtCl(Me)(PEt3)2 and trans-
PtCl(H)(PEt3)2 complexes, 274 and 269 cm
-1, respectively.10,11,13,14 This result is revealing 
because both methyl and hydrido ligands are themselves known to be strong trans effect 
ligands.12  
The syntheses of transition-metal−silyl complexes typically utilize one of two 
common approaches; salt metathesis reactions or the addition of hydrosilanes to transition-
metal complexes.2–7 With the former approach, halide displacement of a halosilane by a 
transition-metal anion produces the silylmetal product. This approach was used by Wilkinson 
2 
to synthesize his seminal silyliron complex (Eq. 1.1).1 Related to this synthetic approach, 
main-group metal silyl complexes (silyl anion reagents) can be added to transition-metal 
halides to also yield silylmetal complexes (Eq. 1.2 & 1.3).11,15 Alternatively, 
bis(silyl)mercury reagents can also be utilized as formal silyl anion sources (Eq. 1.4).13  
Another common approach to silylmetal synthesis uses hydrosilanes, rather than 
halosilanes, silylanions, or silylmercury reagents, as silicon sources.2–4,6,7,16–18 The 
hydrosilane Si−H bond can readily add to basic and low-valent transition-metal complexes to 
generate metal(silyl)hydrides (Eq. 1.5 & 1.6).17–19 This reaction proceeds by an oxidative 
addition process, analogous to the oxidative addition of dihydrogen.3 In certain cases, 
metal(silyl)hydrides with appreciable H−Si bonding have been isolated, demonstrating that in 
silylmetal complexes, appreciable H−Si bonding may be retained (Eq. 1.6).18 Unexpectedly, 






elimination of hydrosilane from the metal(silyl)(hydride) being facile.17,19–21 A related 
hydrosilylative approach to silylmetal synthesis, which obviates the possibility of hydrosilane 
reductive elimination, is the addition of hydrosilanes to transition-metal−alkyl/hydride 
complexes. For these reactions, the elimination of a small molecule, typically free alkane or 
hydrogen gas, drives the reaction (Eq. 1.7 – 1.9).2–7,22,23 This approach can be used to 
generate silylmetal complexes without hydrido ligands. For late transition-metal reagents, 
this process is proposed to proceed through sequential oxidative addition and reductive 
elimination steps, with the key requirement that the metal reagent be coordinatively 
unsaturated. Coordinative unsaturation can be achieved by the displacement of a weakly 







can also react with hydrosilanes to generate silylmetal complexes with small molecule 
elimination. Since these d0 complexes can’t undergo oxidative addition and reductive 
elimination, they react through σ-bond metathesis (Eq. 1.10).25  
The synthesis and study of silylmetal complexes has been driven, in part, by the 
development of homogenous transition-metal catalysts for olefin hydrosilylation.26,27 The 
most commonly proposed mechanisms for this process are the Chalk-Harrod and modified 
Chalk-Harrod mechanisms. Both mechanisms invoke silylmetal species as key catalytic 
intermediates.26 In the Chalk-Harrod mechanism, oxidative addition of a hydrosilane to a 
low-valent transition metal generates a metal(silyl)hydride complex (Scheme 1.1). Alkene 
insertion into the metal−hydrogen bond then generates a metal(silyl)(alkyl) intermediate 
which reductively eliminates alkylsilane to form the product C−Si bond and complete the 
catalytic cycle. In the modified Chalk−Harrod mechanism, alkene is inserted into the 
(1.10) 
Scheme 1.1. Catalytic cycle for olefin hydrosilylation following the Chalk-Harrod 
mechanism. 
5 
metal−silicon bond of the intermediate instead, and the resulting metal(alkyl)hydride 
reductively eliminates the product (Scheme 1.2). The insertion of the C=C π-bond of alkenes, 
or the C=X (X = O, N) π-bond of ketones and imines, into the metal−silicon bond of a 
metal(silyl)hydride represents one of the most familiar reactivities of silylmetal complexes. 
The reactivity of silylmetal complexes, however, is not limited to insertion reactions. Certain 
silylmetal complexes are also known to react with nucleophiles to heterolytically cleave the 
metal−silicon bond and transfer the silyl ligand to the Lewis basic nucleophile.20,21,27–38 In 
this type of reaction, the silyl group is transferred as a Lewis acidic silylium ion ([SiR3]
+), 
with the resulting transition-metal leaving group formally reduced by two electrons.  
The ability of silylmetal complexes to furnish silylium cations ([SiR3]
+) and Lewis 
basic transition-metal nucleofuges is of interest because trialkylsilylium ions are known to be 
strong electrophiles, capable of activating heteroatom containing bonds towards nucleophilic 
cleavage.39,40 Even bonds that are traditionally thought of as relatively inert, such as 
C(sp3)−O bonds, can be cleaved by the action of [SiR3]
+ and a nucleophile.39–44 Silylium ions 
activate both C−X and C=X (X = O, N) bonds by coordinating to the Lewis basic 
Scheme 1.2. Catalytic cycle for olefins hydrosilylation by the modified Chalk-Harrod 
mechanism. 
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heteroatom. The strong Lewis acidity of [SiR3]
+ polarizes electron density away from the 
carbon atom of the C−X (C=X) bond, rendering the carbon atom more electrophilic and 
susceptible to nucleophilic attack.39 Unlike carbocations, free and uncomplexed 
trialkylsilylium ions rarely exist in the condensed state as three-coordinate and trigonal 
planar cations. Silylium ions in the condensed state are typically coordinated by Lewis 
bases.39 This kinetic instability highlights their extreme electrophilicity.39 Even the π-system 
of arenes,45 oxygen atoms of a dialkyl ethers,46 or carborane bound halogen atoms,47 all 
traditionally poor Lewis bases, are known to coordinate to and stabilize silylium ions. There 
are only a few reported examples of uncoordinated silylium ions in the literature and these 
examples all require the silicon atom to have bulky aryl substituents which prevent Lewis 
bases from coordinating to silicon.39,48 The greater electrophilicity of silylium ions than 
carbocations is attributed to both the lower electronegativity (Si: 1.9, C: 2.5, in Pauling 
Units)49 and larger size (Si: 111 pm; C: 77 pm)50,51 of silicon. The lower electronegativity 
decreases electron density at silicon; the more electronegative carbon substituents polarize 
electron density away from silicon.39 The larger size of the silicon atom also lengthens the 
Si−C bond, decreasing the steric protection of the silicon atom and limiting the ability of the 
substituents to stabilize the silicon through hyperconjugation.39  
Early examples of silylmetal complexes able to transfer silylium ions to exogenous 
Lewis bases came from MacDiarmid’s studies on the reaction of phosphines (and amines) 
with (CO)4Co−SiR3.
32,33 Addition of phosphines to the silylcobalt complex yielded 
silylphosphonium (and silylammonium) salts. In these examples, the nucleofuge [(CO)4Co]
− 
was the counteranion (Eq 1.11).32,33 This research demonstrated that silylmetal complexes 
can serve as both sources of silylium and low-valent metal nucleophiles (e.g. [(CO)4Co]
−). 
7 
While this work suggested that silylium transfer likely occurred through an SN2 type 
mechanism, with the pseudohalide cobaltate behaving as a traditional leaving group, it was 
the Corriu group who confirmed this type of mechanism.20,21,27,28,30,31 They showed that 
addition of a hydride nucleophile (LiAlH4) to optically active (tetracarbonyl)silylcobalt 
complexes resulted in the production of silanes exhibiting predominant inversion of 
configuration at silicon. This result demonstrated that the silylium transfer likely goes 
through a SN2 type mechanism (Eq. 1.12).
27 Interestingly, no Fe−Si bond cleavage was 
observed when nucleophiles were added to the related ironsilyl complex Cp(CO)LFeSiR3 (L 
= CO, PPh3).
20,27,52,53 This difference in reactivity was proposed to arise from the differences 
in electron density at the metal. A greater amount of electron density was postulated to reside 
on the Fe atom, a result of the σ-donating Cp ligand, making the iron moiety a poor leaving 
group. The silylcobalt complex, on the other hand, had a lower electron density at the metal 
from its homoleptic set of electron-withdrawing, π-acidic CO ligands.27 The lower electron 
density at cobalt polarizes the electron density of the cobalt−silicon bond towards the metal, 
making the silyl ligand more electrophilic.27 Furthermore, the carbonyl ligands stabilize the 
negative charge build-up at cobalt during silylium transfer, making the cobaltate a better 
leaving group.27 Additional work by Corriu further emphasized the importance that the 




bonds through an SN2 type mechanism. By replacing a carbonyl ligand of (CO)4Co−SiR3 
with a phosphite ligand, also a π-acid, stereochemical inversion at silicon was observed when 
LiAlH4 was added. However, when a carbonyl ligand was substituted with the PCy3, a σ-
donor with no π-acidic properties, predominant retention of configuration was observed (Eq. 
1.13).27 Corriu concluded that the change in reactivity was due to differences in electron 
density at cobalt. Increasing electron density at the cobalt atom through the substitution of 
CO with the more electron donating PCy3 ligand made the cobaltate a poorer leaving group 
and presumably changed the mechanism of Co−Si cleavage from an SN2 type mechanism to 
one that involves addition of hydride to cobalt, generating an intermediate 
metal(hydrido)silyl complex.27 Their work demonstrated the importance that the electronics 
of silylmetal complexes have on facilitating the electrophilic transfer of silyl ligands as 
silylium ions, to Lewis bases.  
With the aim of generating M−C bonds from the cleavage of C−O bonds, Gladysz 
utilized silylmetal complexes as reagents, exploiting their ability to be sources of SiR3
+ and 
metal nucleophiles.35–38 In 1979, Gladysz reported that the addition of (CO)5Mn−SiMe3 to 
oxiranes, under a pressurized atmosphere of CO, generated manganese acyl products via 
silyloxonium ring opening by [(CO)5Mn]
−, followed by CO insertion into the Mn−C bond of 
the putative manganese−alkyl complex (Eq. 1.14).37 In the absence of CO, the 
manganese−alkyl complex could be generated and spectroscopically observed (Eq. 1.15).34 
Gladysz also reported similar reactions with carbonyl complexes, adding aldehydes to 
(1.13) 
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(CO)5Mn−SiMe3 to produce manganese α-siloxyalkanes.
34,35 These examples of silylmetal 
mediated C−O and C=O bond cleavages have been exploited in catalytic applications by 
Murai and Sonoda, who reported the catalytic generation of silylated 1,n-diols from cyclic 
ethers, and α-siloxyaldehydes from aldehydes, by the application of an in situ generated 
silylcobalt catalyst in the presence of CO and hydrosilane (Eq. 1.16 and 1.17).54–56 The 
mechanisms proposed by Gladysz, Murai, and Sonoda all involved nucleophilic attack of the 
substrate’s ethereal oxygen atom (or carbonyl oxygen atom) at the electrophilic silyl ligand. 
The resulting silyloxonium (or silyloxocarbenium) electrophile and metal nucleophile then 
recombined to cleave the C−O (or C=O) bond and forge a new metal−carbon bond (Scheme 
1.3).38,56  
Gladysz demonstrated an even more challenging C(sp3)−O bond cleavage when the 
iron disilyl complex (CO)4Fe(SiMe3)2 was added to dimethyl ether, producing the iron alkyl 
complex (CO)4Fe(SiMe3)Me (Eq. 1.18).
36 The proposed driving force for all these examples 






kcal/mol) in the product.38 These C−O bond cleavages are analogous to those enabled by 
silyl halogen(pseudohalogen) compounds. Silyl halogen(pseudohalogen) complexes can 
cleave C−O bonds by initially generating a silyloxonium salt ion pair, with the onium C−O 
bond being subsequently cleaved by the halide(pseudohalide).38 The advantage of using 
transition-metal−silyl complexes for C−O cleavage, as opposed to traditional non-metallic 
silylating agents, is that the resulting metal−alkyl intermediates can be intercepted and 
reacted with additional reagents capable of insertion or trans-metalating reactions. Such 
reactivity can allow the formation of C−C bonds from C(sp3)−O bonds. A simple example of 
this type of reactivity is the insertion of C−O into the intermediate metal−carbon bonds 
generated during the catalytic production of diols from oxiranes (Eq. 1.17).56 Such reactivity 
can allow for synthesis of products not obtainable using traditional silylating reagents.  
Conceptually related to the notion of using a silylmetal complex to cleave C−O bonds 
via transfer of silylium to substrate, is Coates’ bimetallic catalyst for the carbonylation of 
epoxides (e.g. [(salen)Al(THF)2][Co(CO)4]).
57,58 In this ion pair, the Lewis acidic aluminum 
cation activates the ethereal oxygen atom for attack by the cobalt nucleophile/counteranion, 
cleaving the C−O bond and generating the Co–C intermediate.57,58  
(1.18) 
Scheme 1.3. Proposed mechanism for oxirane C−O bond cleavage by silylmanganese 
complex. 
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The ability of silylmetal complexes to behave as silylium sources requires a 
reassessment of how this class of ligand is defined according to the covalent bond 
classification (CBC) formalism. Silyl ligands, like their alkyl congeners, are typically 
classified as one-electron X-type ligands.8,9 For inorganic coordination complexes where the 
silyl ligand is electrophilic and easily displaced by a Lewis base stronger than the metal 
fragment to which it is bound, the silyl ligand is best classified as a two-electron accepting Z-
type ligand.8,9 Z-type ligands can be either neutral or changed and some common examples 
include SO2 and boranes.
9 In an effort to determine the ability of silylmetal complexes to 
behave as [SiR3]
+ sources (i.e. determine the Z-type character of silyl ligands), Djukic has 
used DFT to compute the relative intrinsic silylicities (Π) of silylmetal complexes.8 Relative 
intrinsic silylicity is the ratio of the DFT calculated interaction energy (∆Eint) between SiR3
+ 
and TfO− of a reference silyl triflate, to the interaction energy between SiR3
+ and LnM
−/0 of a 
silylmetal complex (Eq. 1.19).8 If Π is greater than unity, the complex in question is expected 
to behave as a source of silylium that is stronger than the reference silyl triflate and thus the 
silyl ligand can be classified as a Z-type ligand.8 Djukic calculated the silylicities of a 
number of silylmetal complexes, and, as expected, Π depends on the nature of the supporting 
ligands, identity of the metal, and metal oxidation state, with the trend that decreasing 
electron density at the metal center increases silylicity.8 Unsurprisingly, Djukic observed that 
all silylmetal complexes with silylicities greater than unity were cationic. These observations 
agreed with the experimental work by Corriu, who showed greater propensities for silylium 
transfer from silylmetal complexes to when the metal was electron poor.27  





While there are many examples in the literature of neutral silylmetal complexes that 
are able to transfer silylium ([SiR3]
+) to exogenous nucleophiles, these transfers were 
predominantly limited to metal complexes bearing CO ligands.20,21,27,28,30,31,35–38,54–56,59 
Metal−silyl complexes that exhibited experimental silylicity but lack π-acidic CO ligands, 
are of interest because the absence of carbonyl ligands obviates the possibility of carbonyl 
insertion into any metal−carbon bonds that may form during the reaction. However, of the 
few reported cases of silylmetal cations (with the exception of metal η2-silane adducts), 
reactivity is limited to the insertion of unsaturated bonds into the metal−silicon bond, 
silylative decyanation, or ligand displacement reactions.2,3,22–24,60–64  
In this chapter, we report the synthesis and characterization of two types of 
silylpalladium cations lacking CO ligands, demonstrate that they are sources of [SiR3]
+ and 
nucleophilic LnPd(0), detail their reactions with Lewis bases, and demonstrate that this new 
class of silylmetal complex can enable the oxidative addition of typically inert C(sp3)−O 
bonds to generate alkylpalladium cations.  
1.2. RESULTS AND DISCUSSION 
1.2.1. Preparation and Characterization of [(PCy3)2Pd−SiR3]+ 
The general synthesis of silylpalladium cations of the type [(PCy3)2Pd−SiR3]
+ is 
presented in Scheme 1.4. Smooth generation of the silylpalladium cations required pre-
Scheme 1.4. Synthesis of [(PCy3)2Pd−SiR3]+. 
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mixing [Ph3C][(C6F5)4B], Ph2O, and hydrosilane to generate the solution stable 
diphenylsilyloxonium ion [Ph2O−SiR3]
+ (1.1: SiR3 = SiMe2Et; 1.2: SiEt2H).
65 Trityl 
abstraction of the hydride from hydrosilane generated silylium ions stabilized by 
coordination to the Lewis basic diphenyl ether oxygen atom. This reagent serves as a potent 
but controlled source of silylium ion, and enables its clean addition to Pd(PCy3)2.
66 This 
synthetic approach, which utilized a Lewis base-silylium adduct for the synthesis of the 
silylpalladium cation, differed from the typical syntheses of silylmetal complexes, where 
hydrosilanes, silyl anions, or halosilanes are used as silicon sources. To our knowledge, this 
is the first example of the synthesis of a silylmetal complex that uses a stabilized silylium ion 
as a silicon source. The coordinatively unsaturated, zero-valent, and di-coordinate Pd(PCy3)2 
was chosen as the palladium source to limit the possibility of dissociated ligand from 
behaving as a competitive nucleophile. Furthermore, this palladium complex is easily 
synthesized, is shelf stable, and is soluble in aromatic solvents.67 The use of a trityl salt with 
the [B(C6F5)4]
− counteranion was essential because this counteranion is known to be 
unreactive towards silylium ions.68 The by-products of silyloxonium ion synthesis, 
triphenylmethane and diphenyl ether, were inert in the reactions described herein. 
Triphenylmethane was also a useful internal reference for NMR integrations.65 Finally, the 
solvent mixture of o-difluorobenzene (DFB) and toluene was critical to the successful 
synthesis of [(PCy3)2Pd−SiR3]
+. This solvent mixture provided a good combination of 
solubility and reactivity while being unreactive towards Pd(PCy3)2.  
The presence of a silicon atom in both the silyloxonium and silylpalladium cations 
made 29Si NMR spectroscopy a useful method for characterization. The low natural 
abundance and detection sensitivity of 29Si hampered its direct detection by the 1-D 29Si 
14 
NMR experiments, however, 29Si chemical shifts could be indirectly obtained, even at low 
concentrations (~0.04 M), with the 1H,29Si-HMBC experiment. Using this technique, the 29Si 
NMR chemical shifts for diphenylsilyloxonium ions 1.1 and 1.2 were measured at 81.6 and 
64.8 ppm, respectively. Like the NMR chemical shift of 13C, the chemical shift of the 29Si 
atom can be related to the electron density at silicon. Care must be exercised when 
comparing electron density at silicon to the NMR chemical shift because the paramagnetic 
contribution to the chemical shift may be significant. In our work, however, we have found 
that 29Si chemical shifts can be used to qualitatively assess the ability of silylium−Lewis base 
complexes to transfer [SiR3]
+ to other Lewis bases, especially if the Lewis basic atom is 
oxygen or palladium.39,69 Typically, the stronger the electron donating ability of the silylium 
bound Lewis base (i.e. the less electrophilic the silyl group), the more upfield the 29Si NMR 
chemical shift. For example, Lambert reported the chemical shift for toluene coordinated 
[SiEt3]
+ as 92.3 ppm,65 while Kira reported the less electrophilic [Et2O−SiMe3]
+ as having a 
shift of 66.9 ppm.46 To our knowledge, there are no reports of free trialkylsilyl cations in the 
condensed state, however, Olah predicted the highly electrophilic [SiMe3]
+ ion to have a 29Si 
chemical shift of 225-275 in the gas phase.69 The difference in silicon chemical shifts 
between compounds 1.1 and 1.2 is likely due to the dialkylsilyl complex (1.2) bearing a 
hydride substituent. Oestreich demonstrated that hydride substituents have a large impact on 
silicon NMR chemical shifts, moving the resonances upfield with each additional hydride 




+ ions, which had respective 29Si NMR chemical shifts of 
85.9, 74.5, and 24.5 ppm in 1,2-Cl2C6D4.
70 
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Addition of 1.1 or 1.2 to Pd(PCy3)2 at low temperatures, followed by warming to 
room temperature, yielded homogenous solutions of the desired silylpalladium cations 
[(PCy3)2Pd−SiR3]
+ (1.3: SiR3 = SiMe2Et; 1.4: SiR3 = SiEt2H) (Scheme 1.4). Although 1.3 
and 1.4 were spectroscopically observed in solution for several hours at room temperature, 
both decomposed in solution and in the solid state, preventing their crystallographic 
characterization. Multinuclear NMR spectroscopy was therefore a key characterization tool. 
By 31P{1H} NMR spectroscopy, solutions of 1.3 and 1.4 each presented one major singlet for 
a pair of chemically equivalent phosphorus atoms, 34.8 and 32.7 ppm, respectively (Figures 
1.1 and 1.2).  
No clear coupling between the phosphorus atoms and the silyl ligand protons of 1.3 
were discernible in the 1-D 1H NMR spectra. The more sensitive 1H,31P-HMBC NMR 
experiment, however, revealed weak 4JPH coupling between the −SiCH3 and −SiCH2CH3 
protons with the ligating phosphorus atoms of both 1.3 and 1.4. For 1.4, clear 3JPH coupling  
between the Si−H proton and the phosphorus atoms was observed in both the 1-D 1H and the 
Figure 1.1. Selected room temperature NMR spectra for in situ generated 1.3; a) 151 MHz 13C{1H} NMR 
spectra for the denoted carbon atoms, b) (500 MHz, 202 MHz) 1H,31P HMBC spectrum highlighting 3JHP and 






















































1H,31P-HMBC NMR spectra. In the 1H NMR spectrum, the Si−H proton presented as a triplet 
of pentets (tp, J = 16.2, 2.3 Hz); the triplet from coupling to the two ligating phosphorus 
atoms and the pentet from coupling to the adjacent methylene protons of the ethyl 
substituents. This proton also showed coupling to 29Si, observed as satellites (1JHSi = 190 Hz), 
in the 1H NMR spectrum.  
In the 13C{1H} spectra for both 1.3 and 1.4, coupling between the −SiCH3 
and−SiCH2CH3 carbon atoms with two chemically equivalent phosphorus atoms was 
observed, splitting these resonances into triplets. Such a scenario occurs when the PCy3 
ligands are chemically equivalent and cis to the silyl ligand. Additionally, the methyne P−C 
carbon atoms of PCy3 for both 1.3 and 1.4 presented as 1:2:1 virtual triplets, this splitting 
pattern being characteristic of a mutually trans PCy3 orientation.
71–73 The extracted 29Si 
chemical shifts for 1.3 and 1.4 were 73.2 and 58.0 ppm, respectively. These chemical shifts 
are upfield those of silyloxonium ions 1.1 and 1.2 and suggested that these silylpalladium 
cations are weaker sources of silylium than the corresponding silyloxonium ions from which 
Figure 1.2. Selected room temperature NMR spectra for in situ generated 1.4; a) 151 MHz 13C{1H} NMR 
spectra for the denoted carbon atoms, b) (500 MHz, 202 MHz) 1H,31P HMBC spectrum, highlighting 4JHP 





































































they were derived. This proposal agreed with the experimentally observed fast and 
quantitative silylium transfer from 1.1 or 1.2 to Pd(PCy3)2.  
Taken together, the NMR data for 1.3 and 1.4 indicated that the silyl ligands for each 
complex are bound to palladium and are cis to two chemically equivalent and mutually trans 
phosphine ligands. Along with the lack of an obvious fourth ligand, the data suggested that 
1.3 and 1.4 are 3-coordinate, formally 14 electron, T-shaped, and have an open coordination 
site trans to the silyl ligand. While such coordinative unsaturation for a group 10 and d8-
metal complex may appear odd, there are several known examples of complexes with similar 
geometries. Uttinger showed by X-ray crystallography that [(PCy3)2Pt−(BCat)]
+ (BCat = 
catecholboryl) and other related platinum−boryl cations are T-shaped (Eq. 1.20).74 Low-
temperature 1H and 31P{1H} NMR spectra of the catecholborylplatinum species revealed 
features characteristic of agostic interactions between the ligand cyclohexyl C−H bonds and 
the metal coordination site trans to the boryl ligand. The agostic C–H breaks the C2 
symmetry of the complex and generates a pair of strongly coupled phosphorus atoms which 
are doublets in the 31P{1H} NMR spectra (2JPP = 258 Hz).
74 This large 2JPP is consistent with 
the phosphines being mutually trans yet chemically inequivalent. Interestingly, Uttinger 
noted a lack of evidence for agostic interactions, both in the solid state and in solution, for 
complexes with boryl ligands more electron donating than BCat (e.g. −B(Br)Fc), despite 
these complexes also adopting T-shaped geometries.74,75 They attributed this lack of 
(1.20) 
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observable agostic interactions to the greater trans influence of the more σ donating boryl 
ligands. This trans influence is proposed to weaken agostic interactions to the point where 
they could not be spectroscopically observed. In a related experiment, we have also shown 
that the thermally unstable [(PCy3)2Pd−Me]
+ complex also displays NMR spectra indicative 
of a T-shaped geometry, with stabilizing cyclohexyl agostic interaction trans to the methyl 
ligand (vide infra). Although we propose that 1.3 and 1.4 are isostructural to 
[(PCy3)2Pd−Me]
+, we have observed no spectroscopic signatures for agostic interactions for 
the silylmetal complexes. The lack of observed agostic interactions is attributed to the higher 
trans influence of the silyl ligand over that of the methyl ligand, weakening the interaction in 
analogy to the [(PCy3)2Pt−Boryl]
+ systems described by Uttinger.74  
1.2.2. Silylium Transfer From [(PCy3)2Pd−SiMe2Et]+ (1.3) to Lewis Basic Nucleophiles. 
Having established that cationic silylpalladium cations can be readily synthesized, we 
next looked to see if they were able to transfer [SiR3]
+ to exogenous Lewis bases. Evidence 
that 1.3 is a source of [SiR3]
+ and neutral Pd(PCy3)2 was obtained from its reaction with PCy3 
and NEt3. These experiments were direct analogies to MacDiarmid’s silylphosphonium and 
silylammonium syntheses, where silylium was transferred from (CO)4Co−SiMe3 to 
phosphines and amines with the simultaneous generation of [(CO)4Co]
−.32,33 Addition of 
PCy3 to in situ generated 1.3 at room temperature resulted in the formation of the expected 
silylphosphonium salt 1.5 and Pd(PCy3)2 over several hours (Eq. 1.21, Figure 1.3). The 
assignment of the signals for 1.5 were confirmed by its independent synthesis. The 29Si NMR 
chemical shift of 1.5 was reported as 10.6 ppm, significantly upfield that of 1.3. This upfield 
(1.21) 
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chemical shift of the silylphosphonium ion is proposed to result from the stronger Lewis 
basicity of PCy3. The quantitative transfer of [SiMe2Et]
+ from 1.3 to PCy3 confirmed this 
silylpalladium complex is indeed a source of SiR3
+ and the neutral zero-valent Pd(PCy3)2. 
While the mechanism for this silylium transfer reaction was not studied, we proposed that it 
occurred by an SN2 type mechanism. Lewis base coordination to the metal, which can 
facilitate reductive elimination of silylphosphonium, however, can’t be ruled out. Additional 
evidence for the silylium transfer ability of 1.3 was the generation of [Et3N−SiMe2Et]
+ (1.6) 
when triethylamine was added to a solution of 1.3 (Eq. 1.22, Figure 1.4). The identity of 1.6 
was also confirmed by its authentic synthesis and its 29Si chemical shift was measured as 
48.2 ppm.  
Figure 1.3. (200, 500 MHz) 1H,31P-HMBC NMR spectrum after one day for the reaction depicted in Eq. 1.21, 











1.2.3. Stoichiometric Silyloxonium C(sp3)−O Cleavage by Pd(PCy3)2. 
The generation of silylphosphonium and silylammonium cations, with the 
concomitant production of Pd(PCy3)2, when [(PCy3)2Pd−SiMe2Et]
+ (1.3) was added to 
phosphines and amines, was a clear example of the silylium transfer ability (experimental 
silylicity) of 1.3. Having demonstrated facile [SiR3]
+ transfer from 1.3 to strong Lewis bases, 
we next sought to ascertain if 1.3 could transfer silylium to weaker Lewis basic dialkyl 
ethers, opening the possibility of nucleophilic cleavage of silylium activated C−O bonds by 
Pd(PCy3)2. However, before probing if 1.3 was capable of such a reaction, we sought to 
explore the reactivity of Pd(PCy3)2 with (alkyl)(methyl)silyloxonium ions, the theoretical 
products of the intended silylium transfer from [(PCy3)2Pd−SiR3]









Figure 1.4. a) 162 MHz 31P{1H} and b) 400 MHz 1H NMR spectrum of the reaction shown in Eq. 1.22 after 1 
day. Pd(PCy3)2 = . Solvent: 1:5 DFB:Tol-d8. Temperature: RT.  
(1.22) 
21 
We surmised that the nucleophilic Pd(PCy3)2 would cleave the electrophilic silyloxonium 
methyl C−O bond by oxidative addition to furnish an alkoxysilane and a cationic 
methylpalladium complex.  
The dialkylsilyloxonium ion (1.7) used in these studies was derived from hexyl 
methyl ether. A methyl ether was chosen because the sterically small methyl C−O bond was 
expected to be readily cleaved. Additionally, the proposed palladium−methyl product would 
not undergo β-hydride elimination, allowing for its observation by NMR spectroscopy. 
Silyloxonium 1.7 was readily generated by the same procedure used to generate 
diphenylsilyloxonium ions 1.1 and 1.2 (Eq. 1.23). Compound 1.7 could also be generated by 
the addition of hexyl methyl ether to 1.1. The ability of 1.1 to transfer silylium to the methyl 
ether exemplified the high experimental silylicity of 1.1, reflected by its more downfield 29Si 
NMR chemical shift than 1.7. For reference, the 29Si NMR chemical shift of 1.7 was 72.2 
ppm, while that of 1.1 was 81.6 ppm. If 29Si chemical shifts are indeed an accurate indication 
of experimental silylicities, then the more upfield 29Si NMR chemical shift of 1.7, as 
compared to silylpalladium 1.3, suggested that silylium transfer from 1.7 to Pd(PCy3)2 would 
not be favorable.  
Having cleanly generated 1.7, we next reacted it with Pd(PCy3)2. In a nitrogen filled 
glovebox, a solution of Pd(PCy3)2 was added to a solution of in situ generated 1.7 frozen in a 
liquid nitrogen cooled cold well. The reaction was mixed and warmed to -78 °C before 
(1.23) 
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placing it into a NMR spectrometer probe pre-cooled to -80 °C. Low-temperature NMR 
spectral data of the reaction mixture revealed that even at -70 °C, complete and rapid 
demethylation of 1.7 had occurred to form silylether (alkoxysilane) and a putative Pd−Me 
cation (1.8) (Scheme 1.5, Figures 1.5 and 1.6). Diagnostic of silyloxonium methyl C−O bond 
cleavage was the appearance of the silylether R3SiOCH2− resonance and the disappearance 
of the silyloxonium O−CH3 resonance in the low-temperature 
1H NMR spectra. Up to -5 °C, 
both the 1H and 31P{1H} NMR spectra indicated that [MePCy3]
+ was not formed, clearly 
demonstrating that the methyl C−O bond of 1.7 was not cleaved by dissociated phosphine. 
Only above -5 °C, was the gradual formation of [MePCy3]
+ observed. The complete 
demethylation of 1.7 at low temperatures indicated that oxidative addition of the 
silyloxonium O−CH3 bond by Pd(PCy3)2 was rapid and kinetically formed 1.8, proving that 
Pd(PCy3)2 is a suitable nucleophile for silyloxonium electrophiles and that the reaction 
between these two species is fast. Furthermore, the absence of any observed silylpalladium 
cation 1.3 confirmed our hypothesis that silylium transfer from 1.7 to Pd(PCy3)2 would not 
be favored.  
Despite not being stable at room temperature, the organometallic product of the 
reaction between 1.7 and Pd(PCy3)2, [(PCy3)2Pd−Me]
+ (1.8), could be characterized by low-
temperature NMR spectroscopy (Figures 1.5 and 1.6). At -70 °C, three major sets of signals 
were observed in the 31P{1H} NMR spectrum; two coupled doublets at 28.9 and 47.3 ppm  




Figure 1.5. Selected 500 MHz variable temperature 1H NMR spectra for the demethylation of 1.7 by 







































Figure 1.6. Selected 202 MHz variable temperature 31P{1H} NMR spectra for the demethylation of 1.7 by 

























(2JPP = 318 Hz), and a singlet at 23.8 ppm. Warming to 0 ° C resulted in signal broadening 
and coalescence into a broad singlet at 30.2 ppm. The signals in the variable temperature 
31P{1H} NMR spectra were consistent with two equilibrating species, only one of which had 
equivalent phosphine ligands.72,75 At temperatures below -40 °C, the singlet at 23.8 ppm was 
assigned to a symmetric Pd−Me complex 1.8a, and the pair of coupled doublets to the 
asymmetric isomer 1.8b (Scheme 1.6). The large 2JPP for 1.8b indicated that the phosphine 
ligands remained mutually trans,72 a scenario accommodated by cyclohexyl C−H agostic 
interactions that rendered the phosphorus nuclei chemically inequivalent.74,76 At temperatures 
below -40 °C, a broad signal was observed at -1.13 ppm in the 1H NMR spectrum, consistent 
with the proposed agostic C−H (Figure 1.5).74,76 As the temperature increased, the rate of 
equilibration between 1.8a and 1.8b also increased, leading to the observed signal 
broadening in the 31P{1H} NMR spectra and coalescence into a peak at the weighted average 
of the three resonances observed below -40 °C. Above -5 °C, [MePCy3]
+ began to form, 
observable as a sharp singlet at 31.8 ppm in the 31P{1H} NMR spectrum. In the 1H NMR 
spectrum the methyl protons of [MePCy3]
+ were a doublet at 0.67 ppm (2JHP = 11.9 Hz). The 
methylphosphonium ion was proposed to form by reductive elimination from 1.8. At 15 °C, a 
coupled triplet and doublet (2JPP = 27.3 Hz) in a 1:2 ratio were also observed in the 
31P{1H} 
NMR spectra. These signals were assigned to a small amount (~10%) of a putative 
Scheme 1.6. Proposed equilibrium between isomers 1.8a and 1.8b. 
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[(PCy3)3Pd−Me]
+ complex. This species, however, could not be reproducibly generated and 
was also presumed to react at room temperature by reductive elimination of [MePCy3]
+.  
While clear evidence for the palladium−methyl cation 1.8 was obtained in the 
previous reaction, the proton chemical shift for the methyl ligand could not be conclusively 
determined, likely because it resonated amidst the ligand cyclohexyl resonances. The 1H,31P-
HMBC NMR spectra of in situ generated 1.8 at 0 °C displayed a strong cross peak between 
the phosphorus resonance and a single proton resonance at 1.36 ppm (Figure 1.7). This 
resonance integrated to three protons, leading us to conclude that that it is likely the methyl 
ligand of 1.8. To confirm this assignment, an analogous demethylation experiment was 
carried out with a deuteromethyl silylium ion (1.9) (Eq. 1.24). The 31P{1H} NMR spectrum 
Figure 1.7. (500 MHz, 202 MHz) 1H,31P-HMBC spectrum of the demethylation of 1.7 by Pd(PCy3)2 at 0 °C, 







of this reaction at -5 °C displayed the same phosphorus resonance as was observed with 1.8, 
supporting that the same species was made. Especially informative was the 2H NMR 
spectrum, which showed a diagnostic CD3 resonance at 1.39 ppm, at the same location as the 
proposed Pd−CH3 resonance of 1.8 (Figure 1.8). This experiment confirmed that the methyl 
group of 1.7 was indeed transferred to Pd(PCy3)2 to generate 1.8.  
1.2.4. Stoichiometric Hexyl Methyl Ether Demethylation by [(PCy3)2Pd−SiMe2Et]+ (1.3).  
Having demonstrated that Pd(PCy3)2 can cleave the O−CH3 bond of a silyloxonium 
ion, we tested whether the addition of 1.3 to hexyl methyl ether would transiently generate 
1.7 and Pd(PCy3)2 via silylium transfer from 1.3 to the ether. The proposed (PCy3)2Pd and 
silyloxonium intermediates would then react to cleave the methyl C−O bond. Gratifyingly, 
addition of hexyl methyl ether to in situ generated 1.3 formed the silylether (alkoxysilane) 
product (76 %) and [Cy3PMe]
+ (78 %) over 4 hours (Scheme 1.7; Figure 1.9). During the 
room temperature demethylation reaction, 1.8 was observed in the 1H,31P-HMBC NMR 
spectrum, confirming the viability of the desired silylium transfer (the reverse of Scheme 1.5) 
Figure 1.8. 77 MHz 2H NMR spectrum of the demethylation of 1.9 by Pd(PCy3)2, highlighting the Pd−CD3 




to form the reactive pair highlighted in Scheme 1.7 (Figure 1.9a). Again, the thermal 
instability of 1.8 eventually led to [MePCy3]
+ formation. Although the slow decomposition of 
1.8 complicated a kinetic analysis, one can glean informative data from the timescale of the 
ether demethylation. Since demethylation of 1.7 by Pd(PCy3)2 is rapid (Scheme 1.5), the 
Figure 1.9. 500 MHz 1H and 202 MHz 31P{1H} NMR spectra for the demethylation of hexyl methyl ether a) 
initially and b) after 2 days. [MePCy3]+ =, hexyl methyl ether = ❑, alkoxysilane = ⚫, Pd(PCy3)2 = *. Solvent: 














Scheme 1.7. Stoichiometric demethylation of hexyl methyl ether by 
[(PCy3)2Pd−SiMe2Et]+ (1.3). 
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observed rate of hexyl methyl ether demethylation (~ 4 h) likely reflects the kinetics of 
silylium transfer from 1.3 to ether.  
The ability of 1.3 to demethylate hexyl methyl ether is indicative of the high 
electrophilicity of the silyl ligand and the ability of this silylmetal complex to transfer 
silylium to ether oxygen atoms. The ability to demethylate hexyl methyl ether and the 
inability of silylium ion (1.7) to silylate Pd(PCy3)2 is reflective of the high experimental 
silylicity of 1.3. While rigorous studies on the correlation between silylium transfer ability of 
different metal and non-metal [Lewis base−SiR3]
+ complexes need to be carried out, the 
silylium transfer ability of 1.3 may be suggested by its more downfield 29Si chemical shift 
than 1.7.77 While a small amount of free Pd(PCy3)2 (~15%) was observed at the end of the 
reaction, the mechanism by which it was produced was not explored.  
1.2.5. Preparation and Characterization of [(Xantphos)Pd−SiR3]+. 
Unlike silylpalladium cations 1.3 and 1.4, a hydrosilylative approach was required to 
synthesize silylpalladium cations of the type [(Xantphos)Pd−SiR3]
+ (Scheme 1.8). The 
Xantphos ligand scaffold was used because it is known to be hemilabile, able to undergo a 
putative κ3-P,O,P to κ2-P,P isomerization to open a coordination site cis to the methyl ligand 
and allow for reactivity with hydrosilane.22–24,78–80 Combining [Na][ BArF4] and 
Scheme 1.8. Synthesis of [(XANTPHOS)Pd−SiR3]+ 
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(Xantphos)PdMeCl generated [(Xanpthos)PdMe]+ (1.10) in situ, evidenced by a singlet in the 
31P{1H} NMR spectrum at 19.1 ppm and a triplet at 1.53 ppm in the 1H NMR spectrum (3JHP 
= 5.5 Hz) for the Pd−CH3 moiety. The triplet is from coupling of the methyl ligand with the 
two chemically equivalent phosphorus atoms. The xanthene carbon atoms directly bound to 
phosphorus, and the ipso carbon atoms of the −PPh2 moieties, each presented as 1:2:1 virtual 
triplets, indicating a meridionally coordinated Xantphos ligand with trans phosphorus atoms. 
This proposed coordination mode of the Xantphos ligand in 1.10 is analogous to that of the 
crystallographically characterized [(Xantphos)Pd(4-CN-C6H5)]
+ determined by van 
Leeuwen.81,82 The BArF4
− counteranion was utilized because, like −B (C6F5)4, it is known to 
be resistant to attack by silylium ions when suitable Lewis bases are present.46,83,84 
Addition of hydrosilane to 1.10 resulted in its conversion to [(Xantphos)Pd−SiR3]
+ 
(1.11: SiR3 = SiMe2Et; 1.12: SiR3 = SiEt2H) over several hours. The 
31P{1H} NMR spectra 
for 1.11 and 1.12 each contained one major phosphorus singlet at 22.3 and 22.4 ppm, 
respectively. The 29Si NMR chemical shifts for 1.11 and 1.12 were measured as 47.8 and 
35.1 ppm, significantly upfield those of 1.3 and 1.4, respectively. The more upfield 29Si 
NMR chemical shifts of the Xantphos ligated silylpalladium cations suggested that these 
species are poorer sources of silylium. While two equivalents of silane were necessary to 
fully convert to the silylpalladium cations, excess hydrosilane speeds the formation of 1.11 
and 1.12. Both products are stable in solution for days but decompose slowly in the solid 
state. Once again, spectroscopic methods were crucial to confirming their structures (Figures 
1.10 and 1.11). Particularly informative was the measurable coupling observed in the 1H 
NMR spectra between the −SiCH3 protons of 1.11 (
4JHP = 2.3 Hz), and the −SiH proton of 
1.12 (3JHP = 21.0 Hz), with the two Xantphos phosphorus atoms. This coupling split each of 
31 
these resonances into triplets, which confirmed a P−Pd−Si array. As was observed for 1.4, 
the −SiH resonance of 1.12 was further split into a pentet from coupling to the adjacent 
−SiCH2CH3 protons. In the 
13C{1H} NMR spectra of 1.11 and 1.12, the −SiCH3 and 
−SiCH2CH3 carbon atoms were also split into triplets from coupling to the two chemically 
Figure 1.10. Selected NMR spectra for in situ generated 1.11. a) 151 MHz 13C{1H} NMR spectra highlighting 
the splitting pattern of the denoted carbon atoms, b) (500 MHz, 202 MHz) 1H,31P HMBC spectrum highlighting 






















































Figure 1.11. Selected NMR spectra for in situ generated 1.12. a) 151 MHz 13C{1H} NMR spectra highlighting 
the splitting pattern of the denoted carbon atoms, b) (500 MHz, 202 MHz) 1H,31P HMBC spectrum highlighting 
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equivalent phosphorus atoms. Additionally, splitting of the xanthene P−C atoms of the 
Xantphos ligand into 1:2:1 virtual triplets confirmed the mutually trans nature of the 
phosphorus coordination.71,72 The data thus suggested a square planar geometry, with the 
Xanpthos ligand adopting the tridenate κ3-P,O,P pincer form.  
Unlike typically hydrosilylative approaches to silylmetal syntheses, where 
hydrosilanes are added to metal−methyl reagents and methane is evolved, no methane was 
spectroscopically observed with the generation of 1.11 and 1.12 While gas was visibly 
observed to bubble from solution after hydrosilane addition to 1.10, 1H NMR spectroscopy 
revealed that the gas was dihydrogen. Further NMR spectroscopic analyses of the 
hydrosilylation reactions which generated 1.11 and 1.12 revealed that Me3SiEt and 
HSiEt2Me are by-products (Figures 1.12 and 1.13). These by-products indicated that the 
methyl ligand was transferred to the silyl group and not the hydride of the hydrosilane. The 
requirement that at least two equivalents of hydrosilane are necessary to generate the 
silylpalladium cations, along with the observed H2 and silane byproducts, suggested that 
Pd−Si formation involved a putative Pd−H intermediate (1.13) (Scheme 1.9). We 
hypothesized that oxidative addition of the hydrosilane Si−H to 1.10 is followed by Si−C 
Figure 1.12. An excerpt from the 500 MHz 1H NMR spectrum of in situ generated 1.11, highlighting the 











reductive elimination to form the observed organosilane by-product and the 
palladium−hydride 1.13. The reactive hydride 1.13, which was not spectroscopically 
observed during the generation of 1.11 and 1.12, was surmised to rapidly react with 
hydrosilane to evolve hydrogen gas and produce the silylpalladium cation. While the reaction 
is discussed as proceeding via oxidative addition, a σ-bond metathesis mechanism can’t be 
ruled out.4 Schubert has shown that a similar mechanism is operative in the generation of 
neutral silylplatinum complexes generated by the reaction of bis(methyl)platinum complexes 
with hydrosilanes.79 This picture is additionally supported by experiments that show that in 
Figure 1.13. An excerpt from the 500 MHz 1H NMR spectrum of in situ generated 1.12, highlighting the 










Scheme 1.9. Proposed mechanism for [(Xantphos)Pd−SiR3]+ generation involving a 
palladium−hydride intermediate (1.13). 
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situ generated 1.13 rapidly reacts with hydrosilane to generate [(Xanpthos)Pd−SiR3]
+ (vide 
infra).  
1.2.6. Silylium Transfer from [(Xantphos)Pd−SiMe2Et]+ (1.11) to PCy3.  
Having successfully demonstrated the ability of [(PCy3)2Pd−SiMe2Et]
+ (1.3) to 
transfer silylium to phosphines and amines, we postulated that a similar reactivity would be 
exhibited by 1.11. Reacting 1.11 with two equivalents of PCy3 yielded silylphosphonium 1.5, 
demonstrating that 1.11, like 1.3, is a viable source of [SiR3]
+. Since (Xantphos)Pd0 is 
expected to be an unstable, the additional equivalent of PCy3 was necessary to stabilize this 
putative complex as (Xantphos)PdPCy3 (1.14). (Eq. 1.25; Figure 1.14). The identity of 1.14 
Figure 1.14. 242 MHz 31P{1H} NMR spectrum for the transfer of [SiMe2Et]+ from 1.11 to PCy3. ❑ = PCy3. 








was confirmed by NMR spectroscopic comparison to authentically prepared material. The 
31P{1H} NMR spectrum for 1.14 displayed a diagnostic coupled triplet and doublet at 35.0 
and 1.8 ppm (2JPP = 107 Hz) in a 1:2 ratio, consistent with the expected trigonal geometry.
72  
1.2.7. Stoichiometric Benzyl Ether C−O Bond Cleavage by [(Xantphos)Pd−SiMe2Et]+ 
(1.11).  
Unlike silylpalladium complex 1.3, which reacted to cleave the methyl C(sp3)−O 
bond of hexyl methyl ether (Scheme 1.4), complex 1.11 did not react with the ether, even at 
elevated temperatures. We attributed this lack of reactivity to the lower silylium transfer 
ability of 1.11. Again, such a hypothesis was supported by the more upfield 29Si NMR 
chemical shift of 1.11 than that of [(PCy3)2Pd−SiMe2Et]
+ (1.3). The secondary benzylic C−O 
bond of (1-methoxyethyl)benzene, however, was more prone to oxidative addition by 1.11 
and yielded the palladium−(η3-phenethyl) cation 1.15 upon its addition to 1.11 (Eq. 1.26). 
While this reaction proceeded at room temperature over 2 days, the rate of C−O cleavage was 
increased by heating at 70 °C for 2 hours in a sealed J. Young NMR tube. Interestingly, no 
evidence for methyl C−O bond cleavage was observed, pointing to a higher reactivity of the 
benzylic C−O bond towards oxidative addition.  This result is not surprising, since benzylic 
C−X (X = halogen, pseudohalogen) bonds are known to be very reactive.85 Complex 1.15, 
which is surprisingly stable to air, moisture, and silica gel, was isolated as needle-like 
crystals. Its 31P{1H} NMR spectrum presented a single broad resonance at 9.0 ppm. The 
(1.26) 
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benzylic and methyl proton and carbon atoms of the phenethyl ligand showed discernible 
coupling to two chemically equivalent phosphorus atoms in the 1H, 13C{1H}, and 1H,31P 
HMBC NMR spectra (Figure 1.15). While the phosphorus atoms of the Xantphos ligand are 
formally inequivalent, on the NMR timescale they are rendered equivalent by rapid 
isomerization of the π-benzyl ligand. The ipso carbon atom of the phenethyl ligand is also 
split into a triplet in the 13C{1H} NMR spectrum from 2JCP coupling, which is consistent with 
metal-ring association. The carbon atoms of the xanthene backbone directly attached to the 
phosphorus atoms are doublets, indicating that unlike complexes 1.10 − 1.12, the phosphorus 
atoms of 1.15 are not mutually trans. The crystal structure of 1.15 confirmed the phenethyl 
η3 binding mode and the metrical parameters were similar to the related [(Xantphos)Pd(η3-
benzyl)][OTf] complex reported by Hartwig (Figure 1.16).86  
Figure 1.15. Selected (500 MHz, 202 MHZ) 1H,31P-HMBC NMR spectrum of 1.15. Excerpts from the 151 MHz 
13C{1H} NMR spectra for carbon atoms a) A, b) B, and c) C. Excerpts from the 600 MHz 1H NMR spectrum 





Cleavage of the primary C(sp3)−O bond of (1-methoxymethyl)naphthalene also 
occurred upon its addition to 1.11 at room temperature (Eq. 1.27). The resulting Pd−(π-
naphthalen-1-ylmethyl) complex 1.16 was also stable to air, moisture, and silica gel. While 
the 31P{1H} NMR spectrum of 1.16 exhibited significant broadening, due to a fluxional 
process, acquiring spectra at 40 °C sharpened the resonances. Single crystals of 1.16 allowed 
for X-ray crystallography, which confirmed that this complex adopts a geometry analogous 
to that of 1.15 (Figure 1.17). The primary benzylic C−O bond of isochroman is also cleaved 
Figure 1.16. ORTEP plot of 1.15 at 30% probability level (hydrogen atoms, CH2Cl2, and BArF4− counteranion, 
omitted for clarity; ligand phenyl groups represented by the ipso carbon atoms for clarity). The view along the 
benzallyl−palladium interaction shown in the inset. Selected bond lengths and angles: Pd1−P1 = 2.315(1) Å, 
Pd1−P2 = 2.409(1) Å, Pd1−O1 = 3.490(4) Å, Pd1−C41 = 2.109(8) Å, Pd1−C42 = 2.228(9) Å, Pd1−C43 = 
2.81(1) Å, Pd1−C47 = 2.85(1) Å, P1−Pd1−P2 = 107.76(5)°. 
(1.27) 
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by 1.11 with heating (Eq. 1.28). The organometallic product isolated from this reaction was 
characterized by NMR spectroscopy and determined to be a Pd−(π-benzyl) complex (1.17) 
by its spectroscopic similarities to 1.16. Complex 1.17, while stable enough to be 
spectroscopically characterized, was not able to be crystalized.  
1.2.8. Evidence for [(Xantphos)Pd−H]+ (1.13). 
Having generated the Pd−hydrocarbyl complex 1.15 from the reaction of a 
benzyl(methyl)ether with silylpalladium cation 1.11, we expected that 1.11 could be 
regenerated by treating 1.15 with excess silane. Such a reaction would be similar to the 
hydrosilylative convertion of 1.10 into 1.11. While 1.11 was indeed generated when excess 
Figure 1.17. ORTEP plot of 1.16 at 50% probability level (hydrogen atoms, pentane, and BArF4− counteranion 
omitted for clarity; ligand phenyl groups represented by the ipso carbon atom for clarity). Selected bond lengths 
and angles: Pd1−P1 = 2.331(1) Å, Pd1−P2 = 2.412(1) Å, Pd1−O1 = 3.383(3) Å, Pd1−C40 = 2.114(6) Å, 
Pd1−C41 = 2.239(5) Å, Pd1−C42 = 2.448(6) Å, Pd1−C46 = 3.150(4) Å, P1−Pd1−P2 = 108.82(4)°. 
(1.28) 
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hydrosilane was added to 1.15, styrene, not ethylbenzene, was observed as the major organic 
product (Scheme 1.10; Figure 1.18). This result is conveniently accounted for by a 
mechanism where 1.15 undergoes net β-hydride elimination to produce styrene and 
palladium−hydride (1.13). The metal−hydride, hypothesized to be highly reactive towards 
hydrosilylation, reacts with hydrosilane to generate 1.11 and hydrogen gas. It has been 
established that palladium−(η3-benzyl) type complexes can undergo net β-hydride 
elimination from a σ-benzylic intermediate.87 The observation of the minor product 








Figure 1.18. 400 MHz 1H NMR and 162 MHz 31P{1H} NMR spectra after 2.5 days for the reaction where 
excess (~10 eq) of HSiMe2Et was added to a solution of 1.15, highlighting the generation of styrene and 
ethylbenzene with regeneration of 1.11. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
Scheme 1.10. Proposed mechanism for the generation of 1.11 from the reaction of 
hydrosilane and 1.15. 
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ethylbenzene, by NMR spectroscopy, suggested that hydrosilane may also react directly with 
1.15, however, the transfer of hydride from 1.13 to 1.15 to yield ethylbenzene can’t be ruled 
out. Addition of excess hydrosilane to [(Xantphos)Pd(η3-(CHOSiMe2Et)C6H5)]
+ (1.18), a 
Pd−(π-benzyl) complex lacking β-hydrogens, provided only trace amounts of 1.11 and silyl 
protected benzyl alcohol over three days (Eq. 1.29, Figure 1.19). The lower reactivity of 1.18 










Figure 1.19. 400 MHz 1H NMR and 162 MHz 31P{1H} NMR spectra after 2.5 days for the reaction where 
excess (~10 eq) of HSiMe2Et was added to a solution of 1.18, highlighting the generation of trace amounts of 
benzyl ether and regeneration of 1.11. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
(1.29) 
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towards hydrosilane, as compared to 1.15, supported the notion that β-hydride elimination is 
the initiating step in Scheme 1.10. To buttress the mechanism presented in Scheme 1.10, 
complex 1.19, a fluorinated congener of 1.15, was synthesized and treated with excess 
styrene. After 1 day, all of 1.19 was converted to 1.15 and free p-fluorostyrene (Eq. 1.30; 
Figure 1.20). This exchange of phenethyl ligands supported the intermediacy of 1.13, 
accessed by net β-hydride elimination, and demonstrated that the metal hydride can be 
intercepted by added styrene.  
(1.30) 




Figure 1.20. 376 MHz 19F{1H} NMR and 202 MHz 31P{1H} NMR spectra after 1 day for the reaction where 
excess (~10 eq) of styrene was added to a solution of 1.19, highlighting the generation fluorostyrene and 1.15. 
Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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Both the mechanism for the synthesis of 1.11 and 1.12 (Scheme 1.8), as well as the 
reactions of 1.15 with hydrosilane (Scheme 1.10) and 1.19 with styrene (Eq. 1.30), implied 
the existence of the reactive palladium−hydride 1.13. We surmised that the dehydrogenative 
silylation of an alcohol would also involve the intermediacy of 1.13, which would be 
generated by deprotonation of the silyloxonium ion by the LnPd(0) that would form from 
silylium transfer from 1.11 to the alcohol. To test this hypothesis, we carried out the catalytic 
dehydrogenative silylation of 1-hexanol, with excess hydrosilane, at a 1 mol% loading of 
1.11 (Eq. 1.31). Addition of the alcohol to a mixture of 1.11 and hydrosilane resulted in 
immediate and violent gas evolution. NMR spectroscopy confirmed the generation of the 
expected silylether and H2, however, the only phosphine containing species observable by 
31P{1H} NMR spectroscopy was 1.11.  
The palladium−hydride 1.13 could be directly generated (partial conversion) by 
stoichiometrically adding 1.11 to 1-hexanol, resulting in a new broad phosphorus resonance 
at 25.3 ppm (Eq. 1.32, Figure 1.21). Diagnostic for the generation of 1.13 was the upfield 
resonance at -14.40 ppm in the 1H NMR spectrum, diagnostic of the Pd−H proton.88 Addition 
of excess hydrosilane to a reaction mixture containing 1.13 resulted in its rapid conversion to 




Similarly, adding styrene to in situ generated 1.13 led to the rapid formation of 1.15, proving 
that styrene readily inserts into the Pd−H bond (Eq. 1.33, Figure 1.22). The instability of 
1.13, determined by its decomposition in solution over several hours, prevented its isolation 
and independent characterization.  
1.2.9. DFT Calculated Geometries and Silylicities (Π). 
The inability to crystallographically characterize the silylpalladium cations 
synthesized in these studies led us to utilize density functional theory (DFT) to obtain gas-
phase geometry-optimized structures of the [(PCy3)2Pd−SiR3]
+ and [(Xantphos)Pd−SiR3]
+ 









Figure 1.21. 500 MHz and 202 MHz 1H and 31P{1H} NMR spectra for the reaction where 1 eq of hexanol was 
added to a solution of 1.11, partially generating 1.13. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
(1.33) 
44 
cations (Table 1.1). The calculated optimized geometries agree with the structures proposed 
by the experimental spectroscopic observations. Specifically, complexes 1.3 and 1.4 were 
computed to have T-shaped geometries, while 1.11 and 1.12 were calculated to have 
meridonally coordinated Xantphos ligands (Figures 1.23 – 1.26). The DFT computed ground 
state geometries all agree with the spectroscopic observation that these silylpalladium 
complexes have chemically equivalent and mutually trans phosphorus atoms. Using DFT 
also allowed us to utilize Djukic’s method to calculate the “relative intrinsic silylicity” (Π) of 
several Lewis base-silylium adducts. As previously mentioned, Π is the ratio of the 
interaction energy between [SiR3]
+ and triflate, to the interaction energy between [SiR3]
+ and 
the Lewis base (Eq. 1.19). All compounds presented in Table 1 have calculated silylicities 
greater than unity, indicating that they are all stronger sources of silylium than the reference 
silyl triflates. Direct experimental comparisons of the silylicites between 1.3 and 1.11 were 
not possible, however, the experimental observation that 1.11 was unable to demethylate 








31P{1H} NMR 1H NMR 
Figure 1.22. 500 MHz and 202 MHz 1H and 31P{1H} NMR spectra for the reaction where 1 eq of hexanol was 
added to a solution of 1.11 to partially generate 1.13. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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Figure 1.23. The ground sate optimized geometry in the gas phase for 1.3 at the PBE1PBE level using split 
triple-zeta basis sets. 
aFollowing Djukic’s procedure, silylicities were calculated according to the equation Π = 
[ΔEint(TfO−SiR3)]/[ΔEint(LB−SiR3+)], where ΔEint is the basis set superposition error corrected interaction 
energy and LB is the Lewis base. 
Table 1.1. DFT calculated silylicities (Π) and 29Si NMR chemical shifts for the 
compounds generated in this study.a 
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Figure 1.24. The ground sate optimized geometry in the gas phase for 1.4 at the PBE1PBE level using split 
triple-zeta basis sets. 
Figure 1.25. The ground sate optimized geometry in the gas phase for 1.11 at the PBE1PBE level using split 
triple-zeta basis sets. 
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source of silylium due to its higher value of Π (1.29 vs 1.42, respectively). The higher 
computed Π for 1.7 and 1.5, however, do not agree with the experimental observation that 
silylpalladium 1.3 is able to transfer silylium to dialkyl ether and PCy3, and silylpalladium 
1.11 is able to transfer silylium to PCy3. These computational results highlight a failing of the 
Djukic method of calculating silylicities and suggests that this method may be best applied 
when comparing Π of silylium−Lewis base adducts containing the same Lewis basic atom. 
Such a discrepancy may arise from differences in the basis sets used for main group and 
transition block elements. Despite this complication in the DFT calculated Π, the observed 
trends of experimental silylicity do match nicely with the 29Si chemical shifts, suggesting that 
this parameter is a better measure for a complexes ability to transfer silylium (Table 1.1).  
1.3. SUMMARY AND CONCLUSIONS 
Herein, we present the synthesis of two different types of silylpalladium cations, 
[(PCy3)2Pd−SiR3]
+ and [(Xantphos)Pd−SiR3]
+. Using NMR spectroscopy and DFT 
calculations, both types of silylpalladium cations were shown to contain direct 
palladium−silicon bonds, while the ligating phosphorus atoms were demonstrated to be 
Figure 1.26. The ground sate optimized geometry in the gas phase for 1.3 at the PBE1PBE level using split 
triple-zeta basis sets. 
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chemically equivalent and mutually trans. For [(PCy3)2Pd−SiR3]
+, the geometry was shown 
to be T-shaped, with the coordination site trans to the silyl ligand formally unoccupied. For 
[(Xantphos)Pd−SiR3]
+, the Xantphos ligand was described as being coordinated as a κ3-
P,O,P pincer ligand, with the ligand oxygen atom trans to the silyl group. Silylium transfer 
experiments between these silylpalladium cations and exogenous Lewis bases demonstrated 
that the silylmetal complexes are sources of electrophilic SiR3
+ and nucleophilic LnPd
0. The 
complex [(PCy3)2Pd−SiMe2Et]
+ (1.3) was shown to be a very strong silylium source, 
transferring [SiR3]
+ to PCy3, NEt3, and hexyl methyl ether. In the latter case, silylium transfer 
generated a putative silyloxonium ion that activates the methyl C(sp3)−O bond towards 
nucleophilic cleavage by the concomitantly generated Pd(PCy3)2. The resulting 
[(PCy3)2Pd−Me]
+ (1.8) is thermally unstable. Silylpalladium species 
[(Xantphos)Pd−SiMe2Et]
+ (1.11), while able to transfer silylium to PCy3, was not able to 
transfer silylium to hexyl methyl ether, demonstrating its weaker silylium transfer ability as 
compared to 1.11. Complex 1.11, however, was able to cleave the more reactive benzylic 
C(sp3)−O bonds of benzyl methyl ethers, yielding palladium−(π)-benzyl type complexes. The 
mechanism for the benzylic C−O bond cleavages was proposed to be analogous to the 
mechanism for methyl ether demethylation facilitated by 1.3. When the resulting Xantphos-
based palladium−alkyl cations bear β-hydrogens, reversible β-hydride elimination to a 
cationic palladium−hydride intermediate was noted. This palladium−hydride could be 
independently generated and was shown to rapidly react with excess hydrosilane to 
regenerate a silylpalladium complex or insert styrene. Computational experiments supported 
the structural assignments obtained with NMR spectroscopy and DFT computed silylicities 
(Π) indicated that all of the silylmetal complexes are stronger sources of silylium than the 
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reference silyl triflates. While comparisons of Π between silylium adducts bearing different 
Lewis basic atoms can’t be made at this time, 29Si NMR proved to be a good measure of the 
silylium transfer ability of R3Si−Lewis base complexes. 
1.4. EXPERIMENTAL 
1.4.1. General Methods 
All reactions were carried out in a nitrogen filled glove box under ambient 
temperatures and pressures unless otherwise specified. All liquid reagents and solvents were 
deoxygenated with three freeze-pump-thaw cycles before storing over 4 Å molecular sieves, 
which were pre-activated by drying at ~180 °C under high vacuum for a minimum of 12 
hours. ortho-difluorobenzene (DFB), diphenyl ether, and hexyl methyl ether were dried by 
distillation over calcium hydride. Deuterated solvents and silanes were not dried prior to 
deoxygenation. All other liquid reagents were dried with sodium sulfate, magnesium sulfate, 
or alumina. Thin layer chromatography was conducted using SiliCyle Silica Gel 60 F254 
plates and visualized with 254 nm UV light. Purification by passing through a pad of silica 
gel was carried out using SilaFlash P60 40-63 μm (230-400 mesh). Dry ice-acetone baths 
were used to cool reactions to -78 °C. A liquid nitrogen cooled cold well charged with copper 
beads was used to freeze solutions in the glovebox.  




91 and (Xantphos)PdMeCl,82 were 
prepared according to literature procedures. Generation of [(Xantphos)PdMe][BArF4] (1.10) 
was adapted from the procedure described by van Leeuwen.82 All other solvents and reagents 
were purchased from commercial sources: Sigma-Aldrich, TCI Chemicals, Oakwood 
Chemicals, ACROS Organics, Fisher Scientific, and Strem Chemicals.  
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Selected samples were analyzed with a Q Exactive HF-X (ThermoFisher, Bremen, 
Germany) mass spectrometer. Samples were introduced via a heated electrospray source 
(HESI) at a flow rate of 20 μL/min. 100 time domain transients were averaged in the mass 
spectrum. ESI source conditions were set as: vaporizer temperature 35 °C, sheath gas 
(nitrogen) 8 arb, auxiliary gas (nitrogen) 0 arb, sweep gas (nitrogen) 0 arb, capillary 
temperature 320 °C, capillary voltage 320 V and funnel Rf level 35 V. The mass range was 
set to 150-2000 m/z. All measurements were recorded at a resolution setting of 120,000. 
Solutions were analyzed at 0.1 mg/mL or less based on responsiveness to the ESI 
mechanism. Xcalibur (ThermoFisher, Breman, Germany) was used to analyze the data. 
Molecular formula assignments were determined with Molecular Formula Calculator (v 
1.2.3). The mass-to-charge ratio of the cation of the reported organometallic salts are 
reported as M+. All observed species were singly charged, as verified by unit m/z separation 
between mass spectral peaks corresponding to the 12C and 13C 12Cc-1 isotope for each 
elemental composition.  
All NMR spectra were recorded on either a Bruker Avance 600 MHz, 500 MHz, or 
400 MHz spectrometer, or on a Bruker Neo 600 MHz spectrometer. Chemical shifts were 
recorded as δ values in ppm. The 1H,29Si-HMBC NMR experiment was used to obtain 29Si 
chemical shifts. Residual deuterated solvent protons or the residual deuterated solvent carbon 
atoms were used as internal references for NMR spectroscopy.92 The 19F{1H} NMR spectra 
were referenced to either the DFB fluorine resonances at -138.6 ppm, added fluorobenzene 
resonances at -113.0 ppm, or the tetrakis(3,5-bis(trifluoromethyl)phenylborate) resonance at -
62.8 ppm. Tetramethylsilane in CD2Cl2 or 1:5 DFB:Toluene-d8 was used as an external 
reference for the 1H, 29Si-HMBC NMR experiments. Due to overlap with solvent signals, the 
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carbon resonances of the tetrakis(pentafluorophenyl)borate counteranion are not reported. 
When applicable, NMR yields were calculated by integration with respect to the triphenyl 
methane by-product resonance (δ 5.35 ppm), or to exogenous bibenzyl (δ 2.97 ppm). 
Multiplicity is defined as follows: s = singlet, d =doublet, t = triplet, q = quartet, p=pentet, 
m=multiplet.  
A Bruker SMART Apex II diffractometer was used to acquire X-ray crystallography 
data. 
1.4.2. Complex Synthesis 
[Ph2O−SiMe2Et][B(C6F5)4] (1.1). Ethyldimethylsilane (3.8 μL, 0.029 mmol) was 
added to [Ph3C][B(C6F5)4] (24.3 mg, 0.0263 mmol) and diphenyl ether (4.2 μL, 0.0263 
mmol) dissolved in DFB (100 μL) and toluene-d8 (500 μL). The orange solution quickly 
turned colorless upon hydrosilane addition. 1H NMR (500 MHz, 1:5 DFB:Toluene-d8, δ) 
Aromatic resonances obscured by solvent, 0.53 (t, J = 7.7 Hz, SiCH2CH3, 3H), 0.42 (q, J = 
9.0, 7.9 Hz, SiCH2CH3, 2H), 0.04 (s, SiCH3, 6H). 
29Si NMR (99 MHz, 1:5 DFB:Toluene-d8, 
δ) 81.6.  
[Ph2O−SiEt2H][B(C6F5)4] (1.2). Diethylsilane (3.7 μL, 0.029 mmol) was added to 
[Ph3C][B(C6F5)4] (24.3 mg, 0.0263 mmol) and diphenyl ether (4.2 μL, 0.0263 mmol) 
dissolved in DFB (100 μL) and toluene-d8 (500 μL). The orange solution quickly turned 
colorless upon hydrosilane addition. 1H NMR (500 MHz, 1:5 DFB:Toluene-d8, δ) Aromatic 
resonances obscured by solvent, 4.69 (m, SiH, 1H),z 0.56 (m, SiCH2CH3, 6H), 0.49 (m, 
SiCH2CH3 4H), 0.04 (s, SiCH3, 6H).
29Si NMR (99 MHz, 1:5 DFB:Toluene-d8, δ) 64.7.  
[(PCy3)2PdSiMe2Et][B(C6F5)4] (1.3). Ethyldimethylsilane (3.8 μL, 0.029 mmol) was 
added to [Ph3C][B(C6F5)4] (24.3 mg, 0.0263 mmol) and diphenyl ether (4.2 μL, 0.0263 
mmol) dissolved in DFB (100 μL) and toluene-d8 (200 μL). The orange solution quickly 
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turned colorless upon hydrosilane addition. The reaction mixture was transferred to a J. 
Young NMR tube and frozen in a cold well before adding Pd(PCy3)2 (17.5 mg, 0.0263 
mmol) in toluene-d8 (300 μL). The reaction was mixed while warming to room temperature 
and NMR characterization was promptly carried out. 1H NMR (600 MHz, 1:5 DFB:Toluene-
d8, δ) 1.85 (t, J = 12.4 Hz, 6H), 1.76 (d, J = 12.8 Hz, 12H), 1.71 (m, 12H), 1.62 (s, 6H), 1.36 
(q, J = 11.8 Hz, 12H), 1.11 (m, 18H), 1.00 (t, J = 7.2 Hz, 2H, SiCH2CH3), 0.95 (t, J = 7.3 Hz, 
3H, SiCH2CH3), 0.44 (s, 6H, SiCH3). 
13C{1H} NMR (151 MHz, 1:5 DFB:Toluene-d8, δ) 35.0 
(t, J = 8.9 Hz), 31.5, 27.7 (t, J = 5.4 Hz), 26.3, 16.7 (t, J = 3.9 Hz, SiCH2CH3), 8.6 
(SiCH2CH3), 6.5 (t, J = 4.4 Hz, SiCH3). 
31P{1H} NMR (243 MHz, 1:5 DFB:Toluene-d8, δ) 
34.8. 29Si NMR (99 MHz, 1:5 DFB:Toluene-d8, δ) 73.2.  
[(PCy3)2PdSiEt2H][B(C6F5)4] (1.4). Compound 1.4 was prepared with diethylsilane 
(3.7 μL, 0.029 mmol) following the same procedure described for 1.3. 1H NMR (600 MHz, 
1:5 DFB:Toluene-d8, δ) 3.65 (tp, J = 16.2, 2.3 Hz, 1H, SiH), 1.91 (t, J = 12.3 Hz, 6H), 1.71 
(m, 24H), 1.63 (m, 6H), 1.35 (q, J = 12.4 Hz, 12H), 1.12 (m, 20H, Cy + SiCH2CH3), 1.06 (t, 
J = 7.3 Hz, 6H, SiCH2CH3), 1.00 (m, 2H, SiCH2CH3). 
13C{1H} NMR (151 MHz, 1:5 
DFB:Toluene-d8, δ) 34.3 (t, J = 9.9 Hz), 31.2, 27.6 (t, J = 5.5 Hz), 26.2, 12.6 (t, J = 2.7 Hz), 
10.4. 31P{1H} NMR (243 MHz, 1:5 DFB:Toluene-d8, δ) 32.7. 
29Si NMR (99 MHz, 1:5 
DFB:Toluene-d8, δ) 57.8.  
[Me2EtSiPCy3][B(C6F5)4] (1.5). Ethyldimethylsilane (3.8 μL, 0.0286 mmol) was 
added to [Ph3C][B(C6F5)4] (24.0 mg, 0.026 mmol) and diphenyl ether (4.1 μL, 0.026 mmol) 
dissolved in DFB (100 μL) and toluene-d8 (200 μL). A solution of PCy3 (7.3 mg, 0.026 
mmol) in toluene-d8 (300 μL) was added to this mixture.
 1H NMR (500 MHz, 1:5 
DFB:Toluene-d8, δ) 1.83 (q, J = 11.8 Hz, 3H), 1.61 (m, 6H), 1.55 (m, 3H), 1.48 (m, 6H), 
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1.01 (m, 15H), 0.74 (t, J = 7.8 Hz, 3H), 0.51 (q, J = 7.4 Hz, 2H), 0.08 (d, J = 6.1 Hz, 6H). 
13C{1H} NMR (151 MHz, 1:5 DFB:Toluene-d8, δ) 31.5 (d, J = 25.3 Hz), 28.6 (d, J = 3.6 Hz), 
26.8 (d, J = 11.2 Hz), 25.4, 7.7 (d, J = 7.8 Hz), 6.2 (d, J = 4.9 Hz), -3.0 (d, J = 7.8 Hz). 
31P{1H} NMR (202 MHz, 1:5 DFB:Toluene-d8, δ) -0.7. 
29Si NMR (99 MHz, 1:5 
DFB:Toluene-d8, δ) 10.6.  
[Me2EtSiNEt3][B(C6F5)4] (1.6). Ethyldimethylsilane (3.8 μL, 0.0286 mmol) was 
added to [Ph3C][B(C6F5)4] (24.0 mg, 0.026 mmol) and diphenyl ether (4.1 μL, 0.026 mmol) 
dissolved in DFB (100 μL) and toluene-d8 (500 μL). Anhydrous and degassed triethylamine 
(3.6 μL, 0.026 mmol) was added to this mixture. 1H NMR (500 MHz, Toluene-d8) δ 2.10 (q, 
J = 7.2 Hz, 6H, NCH2CH3), 0.61 (t, J = 8.0 Hz, SiCH2CH3, 3H), 0.55 (t, J = 7.3 Hz, 
NCH2CH3, 9H), 0.27 (q, J = 8.0 Hz, SiCH2CH3, 2H), -0.13 (s, SiCH3, 6H).
 29Si NMR (99 
MHz, 1:5 DFB:Toluene-d8, δ) 48.1. 
[Hexyl(methyl)(ethyldimethylsilyloxonium)][B(C6F5)4] (1.7). Ethyldimethylsilane 
(4.1 μL, 0.0312 μL) was added to [Ph3C][B(C6F5)4] (24.0 mg, 0.026 mmol) and hexyl methyl 
ether (3.9 μL, 0.026 mmol) dissolved in DFB (100 μL) and toluene-d8 (500 μL). Compound 
1.7 can also be prepared by the addition of hexyl methyl ether to in situ generated 
Ph2O−SiMe2Et
+. 1H NMR (600 MHz, 1:5 DFB:Toluene-d8, δ) 3.52 (m, 2H), 3.08 (s, 3H), 
1.23 (p, J = 7.7 Hz, 2H), 1.16 (m, 2H), 1.03 (m, 2H), 0.85 (t, J = 7.3 Hz, 5H), 0.60 (t, J = 8.0 
Hz, 3H), 0.32 (q, J = 8.0 Hz, 2H), -0.06 (s, 6H). 13C{1H} NMR (151 MHz, 1:5 
DFB:Toluene-d8, δ) 84.1, 63.5, 31.3, 26.6, 24.1, 22.7, 13.8, 6.3, 5.0, -4.3. 
29Si NMR (99 
MHz, 1:5 DFB:Toluene-d8, δ) 72.2.  
[Dodecyl(methyl-d3)(triethylsilyloxonium)][B(C6F5)4] (1.9). A 60% dispersion of 
NaH (220 mg, 5.5 mmol) was washed with pentanes under nitrogen. To the washed and dried 
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NaH, was added 6.5 mL of THF, then 1-dodecanol (760 μL, 3.4 mmol) dropwise. 
Iodomethane-d3 (300 μL, 4.8 mmol) was then added and the reaction was heated at reflux 
under nitrogen overnight. At 0 °C, pentanes (10 mL) was added to the reaction, followed by 
the dropwise addition of water (10 μL). The resulting reaction solution was extracted with 
Et2O (3 x 15 mL) before the aliquots were combined and dried with brine then MgSO4. The 
solvent was evaporated to isolate dodecyl methyl−d3 ether as a colorless oil. (719 mg, 3.4 
mmol). 1H NMR (400 MHz, CDCl3, δ) 3.36 (t, J = 6.7 Hz, 2H), 1.28 (m, 20H), 0.88 (t, J = 
6.8 Hz, 3H). 2H NMR (61 MHz, CDCl3, δ) 3.30 (s, 3D). Triethylsilane (4.6 μL, 0.0286 μL) 
was added to [Ph3C][B(C6F5)4] (24.0 mg, 0.026 mmol) and dodecyl methyl-d3 ether (6.6 μL, 
0.026 mmol) dissolved in DFB (100 μL) and toluene-d8 (500 μL). 
1H NMR (500 MHz, 1:5 
DFB:Toluene-d8, δ) 3.59 (m, 2H), 1.35 – 1.10 (m, 20H), 0.90 (t, J = 7.0 Hz, 3H), 0.63 (t, J = 
7.9 Hz, 9H), 0.40 (m, 6H). 2H NMR (77 MHz, 1:5 DFB:Toluene-d8, δ) 3.12 (s, 2D).  
[(XANTPHOS)PdMe][BArF4] (1.10). To solid (XANTPHOS)PdMeCl (25.7 mg, 
0.035 mmol) and NaBArF4 (32.6 mg, 0.0367 mmol) was added CD2Cl2 (600 μL). The 
reaction was mixed and allowed to rest for 10 minutes before passing through a 0.2 μm PTFE 
syringe filter and into a J. Young NMR tube. The solvent was removed by evacuation and the 
residue washed with pentanes (3 x 1 mL) before drying under high vacuum (~ 2 h) to isolate 
4 as a pale pink film (29.3 mg, 0.019 mmol, 53%). 1H NMR (600 MHz, CD2Cl2, δ) 7.79 (dd, 
J = 7.7, 1.6 Hz, 2H), 7.75 (m, 8H), 7.62 (m, 12H), 7.56 (s, 4H), 7.54 (tt, J = 7.0, 1.5 Hz, 8H), 
7.48 (m, 2H), 7.42 (t, J = 7.7 Hz, 2H), 1.74 (s, 6H), 1.53 (t, J = 5.5 Hz, 3H, Pd−CH3). 
13C{1H} NMR (151 MHz, CD2Cl2, δ) 162.1 (q, J = 49.9 Hz), 153.2 (t, J = 8.0 Hz), 135.2, 
135.0, 133.8 (t, J = 7.4 Hz), 132.6 (two overlapping resonances), 132.2 (t, J = 3.1 Hz), 130.0 
(t, J = 5.5 Hz), 129.2 (qq, J = 31.6, 3.0 Hz), 128.1 (t, J = 25.3 Hz), 127.5 (t, J = 3.4 Hz), 
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124.9 (q, J = 272.4 Hz), 119.7 (t, J = 19.1 Hz), 117.9 (p, J = 3.9 Hz), 35.1, 33.2, 0.1 (t, J = 
2.8 Hz, Pd−CH3). 
31P{1H} NMR (202 MHz, CD2Cl2, δ) 19.1. HRMS-ESI (m/z): [M
+] calcd 
for C40H35OP2Pd, 699.119246; found, 699.12007. 
[(XANTPHOS)PdSiMe2Et][BArF4] (1.11). A solution of 1.10 (0.0336 mmol) in 
CD2Cl2 (600 μL) was charged with ethyldimethylsilane (46.2 μL, 0.35 mmol) and the 
mixture sat at room temperature until NMR spectroscopy confirmed the complete 
consumption of 4 (~ 2 h). Solvent was removed by evacuation and the residue was washed 
with pentanes (3 x 1 mL) before drying under high vacuum (~ 3 h) to isolate 5 as a pale 
orange film (31.3 mg, 0.019 mmol, 57%). 1H NMR (500 MHz, CD2Cl2, δ) 7.72 (m, 18H), 
7.62 (m, 4H), 7.56 (m, 12H), 7.33 (m, 4H), 1.67 (s, 6H), 0.62 (t, J = 7.8 Hz, 3H, SiCH2CH3), 
0.43 (q, J = 7.9 Hz, 2H, SiCH2CH3), 0.03 (t, J = 2.3 Hz, 6H, SiCH3). 
13C{1H} NMR (151 
MHz, CD2Cl2, δ) 162.2 (q, J = 49.8 Hz), 151.9 (t, J = 7.2 Hz), 135.2, 134.4 (t, J = 7.5 Hz, 
two overlapping resonances), 132.7, 132.1 (t, J = 2.3 Hz), 131.6, 130.0 (t, J = 5.6 Hz), 129.2 
(qq, J = 31.5, 2.8 Hz), 128.5 (t, J = 24.9 Hz), 127.1 (t, J = 3.4 Hz), 125.0 (q, J = 272.5 Hz), 
122.9 (t, J = 18.9 Hz), 117.9 (m), 35.2, 32.5, 13.6 (t, J = 5.1 Hz, SiCH2CH3), 8.5 
(SiCH2CH3), 3.3 (t, J = 5.9 Hz, SiCH3). 
31P{1H} NMR (202 MHz, CD2Cl2, δ) 22.3. 
29Si 
NMR (99 MHz, CD2Cl2, δ) 47.8.  
[(XANTPHOS)PdSiEt2H][BArF4] (1.12). Compound 1.12 was prepared with 
diethylsilane (45.3 μL, 0.35 mmol) and isolated as a pale orange film, following the same 
procedure described for 1.11. (30.1 mg, 0.018 mmol, 55%) 1H NMR (500 MHz, CD2Cl2, δ) 
7.75 (m, 10H), 7.68 (q, J = 6.7 Hz, 8H), 7.60 (t, J = 7.4 Hz, 4H), 7.54 (m, 12H), 7.43 (m, 
2H), 7.37 (t, J = 7.7 Hz, 2H), 3.81 (dp, J = 21.0, 4.2 Hz, SiH, 1H), 1.72 (s, 6H), 0.65 (t, J = 
7.8 Hz, SiCH2CH3, 6H), 0.49 (m, SiCH2CH3, 4H). 
13C{1H} NMR (151 MHz, CD2Cl2, δ) 
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162.2 (q, J = 49.9 Hz), 152.2 (t, J = 7.4 Hz), 135.2, 134.7, 134.1 (t, J = 7.2 Hz), 132.7, 132.2 
(t, J = 2.7 Hz), 132.0, 129.9 (t, J = 5.7 Hz), 129.2 (qq, J = 31.3, 2.8 Hz), 128.4 (t, J = 26.0 
Hz), 127.4 (t, J = 3.5 Hz), 125.0 (q, J = 272.4 Hz), 121.9 (t, J = 18.8 Hz), 117.9 (p, J = 3.9 
Hz), 35.4, 32.8, 10.1 (SiCH2CH3), 8.8 (t, J = 3.3 Hz, SiCH2CH3). 
31P{1H} NMR (202 MHz, 
CD2Cl2, δ) 22.4. 
29Si NMR (99 MHz, CD2Cl2, δ) 35.1.  
(XANTPHOS)Pd(PCy3) (1.14). XANTPHOS (20.3 mg, 0.035 mmol) and Pd(PCy3)2 
(23.4 mg, 0.035 mmol) were dissolved in DFB (100 μL) and toluene-d8 (500 μL). Compound 
1.14 is air-sensitive and sparingly soluble in various hydrocarbon solvents, making its 
separation from PCy3 difficult. 
31P{1H} NMR (243 MHz, 1:5 DFB:Toluene-d8, δ) 34.96 (t, J 
= 107.1 Hz, 1P), 1.82 (d, J = 107.1 Hz, 2P). HRMS-ESI (m/z): [M]+ calcd for C57H65OP3Pd, 
964.328307; found, 964.32874. 
[(XANTPHOS)Pd(η3-phenethyl)][BArF4] (1.15). To a solution of 1.11 (0.026 
mmol) in CD2Cl2 (600 μL) in a J. Young NMR tube was added (1-methoxyethyl)benzene 
(6.6 μL, 0.0455 mmol). The reaction was monitored by NMR spectroscopy for 2 days at 
room temperature. Outside the glovebox, the solvent was evacuated, the residue washed with 
pentanes (3 x 1 mL), the material passed through a pad of silica gel with dichloromethane, 
the solvent evacuated, and the final residue dried under high vacuum to yield 1.15 as an 
orange film (26.5 mg, 0.016 mmol, 62%). 1H NMR (600 MHz, CD2Cl2, δ) 7.75 (m, 8H), 7.64 
(dd, J = 7.8, 1.4 Hz, 2H), 7.57 (s, 4H), 7.48 (t, J = 7.4 Hz, 2H), 7.39 (m, 6H), 7.27 (t, J = 7.6 
Hz, 4H), 7.23 (m, 4H), 7.17 (t, J = 7.8 Hz, 2H), 7.11 (m, 2H), 6.90 (m, 7H), 6.71 (m, 2H), 
3.82 (qt, J = 6.7, 2.0 Hz, 1H), 1.61 (s, 6H), 0.87 (td, J = 11.1, 6.8 Hz, 3H). 13C{1H} NMR 
(151 MHz, CD2Cl2, δ) 162.2 (q, J = 49.8 Hz), 155.1 (m), 135.2, 135.0 (t, J = 4.1 Hz), 134.4 
(t, J = 2.4 Hz), 133.5 (m), 133.1 (m), 132.5, 132.1 (t, J = 3.3 Hz), 131.4, 131.2, 130.8 (d, J = 
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41.6 Hz), 129.4 (m), 129.3 (qq, J = 31.5, 2.8 Hz), 129.2 (m), 128.9, 125.2 (m), 125.0 (q, J = 
272.4 Hz), 120.8, 119.9 (t, J = 5.1 Hz), 118.4 (d, J = 39.1 Hz), 117.9 (p, J = 4.0 Hz), 70.3 (t, 
J = 22.2 Hz), 36.3, 28.3, 15.9 (t, J = 2.5 Hz). 31P{1H} NMR (243 MHz, CD2Cl2, δ) 9.0. 
HRMS-ESI (m/z): [M]+ calcd for C47H41OP2Pd, 789.166196; found, 789.16697. 
[(XANTPHOS)Pd(η3-1-naphthalen-1-ylmethyl)[BArF4] (1.16). To a solution of 
1.11 (0.026 mmol) in CD2Cl2 (600 μL) in a J. Young NMR tube was added 1-
(methoxymethyl)naphthalene (6.3 μL, 0.0286 mmol). After ~16 hours at room temperature, 
1.16 was isolated by passing the solution through a pad of alumina with dichloromethane, 
evacuating the solvent, and drying the residue under high vacuum to provide 1.16 as a yellow 
film. (15.9 mg, 0.009 mmol, 36%). X-ray quality crystals were obtained by vapor diffusion 
of pentanes into a concentrated solution of 15 at -24 °C. 1H NMR (600 MHz, CD2Cl2, 40 °C) 
δ 7.75 (s, 8H), 7.71 (d, J = 12.2 Hz, 2H), 7.54 (d, J = 7.0 Hz, 7H), 7.37 (t, J = 7.3 Hz, 5H), 
7.31 (d, J = 8.1 Hz, 1H), 7.20 (s, 10H), 6.94 (s, 8H), 6.74 (s, 2H), 6.15 (q, J = 5.0 Hz, 1H), 
6.00 (t, J = 7.5 Hz, 1H), 3.55 (s, 2H), 1.53 (m, 6H). 13C NMR (151 MHz, CD2Cl2, 40 °C) δ 
162.3 (q, J = 49.9 Hz), 155.5 (d, J = 7.7 Hz), 135.3, 135.0 (d, J = 3.7 Hz), 134.6 (m), 133.6 
(d, J = 13.0 Hz), 133.0 (t, J = 5.0 Hz), 131.8, 131.4, 130.4, 129.7, 129.4 (qq, J = 31.3, 2.8 
Hz), 129.4, 129.3, 129.0, 128.7, 128.6 (t, J = 4.2 Hz), 128.4, 125.4 (d, J = 6.7 Hz), 125.1 (q, J 
= 272.4 Hz), 123.5, 121.6 (t, J = 5.6 Hz), 118.0 (p, J = 4.0 Hz), 117.6 (m), 101.9 (m), 57.1 (t, 
J = 19.4 Hz), 36.5, 27.5. 31P NMR (243 MHz, CD2Cl2, 40 °C) δ 12.0 (bs). HRMS-ESI (m/z): 
[M]+ calcd for C50H41OP2Pd, 825.166196; found, 825.16699. 
[(XANTPHOS)Pd(η3-CH2(o-(CH2CH2OSiMe2Et)C6H4))][BArF4] (1.17). To a 
solution of 1.11 (0.026 mmol) in CD2Cl2 (600 μL) in a J. Young NMR tube was added 
isochroman (65 μL, 0.52 mmol). The reaction was heated at 60 °C overnight before isolating 
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the product inside the glovebox by evacuation of the solvent, washing the residue with 
pentanes (3 x 1 mL), and drying the product under high vacuum to provide 1.17 as an orange 
film. (34.4 mg, 0.019 mmol 75%).1H NMR (600 MHz, CD2Cl2, δ) 7.74 (m, 8H), 7.64 (dd, J 
= 7.8, 1.4 Hz, 2H), 7.57 (s, 4H), 7.43 (td, J = 7.5, 1.6 Hz, 4H), 7.31 (t, J = 7.9 Hz, 8H), 7.17 
(m, 3H), 7.04 (m, 8H), 6.94 (m, 1H), 6.66 (t, J = 8.1 Hz, 2H), 6.52 (m, 1H), 6.40 (t, J = 7.4 
Hz, 1H), 3.67 (t, J = 6.3 Hz, 2H), 2.98 (t, J = 3.8 Hz, 2H), 2.44 (t, J = 6.3 Hz, 2H), 1.62 (s, 
6H), 0.72 (t, J = 8.0 Hz, 3H), 0.33 (q, J = 8.0 Hz, 2H), -0.17 (s, 6H). 13C{1H} NMR (151 
MHz, CD2Cl2, δ) 162.1 (q, J = 49.9 Hz), 155.3 (d, J = 8.0 Hz), 141.5 (t, J = 3.3 Hz), 135.2, 
134.7 (d, J = 3.6 Hz), 134.6 (t, J = 4.1 Hz), 133.7 (t, J = 3.0 Hz), 133.3 (d, J = 12.9 Hz), 
132.3, 131.3, 130.5 (t, J = 3.3 Hz), 129.9 (d, J = 43.1 Hz), 129.3 (d, J = 10.6 Hz), 129.3 (qq, 
J = 29.4, 2.9 Hz), 128.9, 125.4 (d, J = 6.9 Hz), 125.0 (q, J = 272.4 Hz), 119.6 (t, J = 5.2 Hz), 
118.3 (d, J = 40.7 Hz), 117.9 (p, J = 4.1 Hz), 116.9 (t, J = 6.0 Hz), 63.2, 53.7 (t, J = 20.4 Hz), 
36.4, 36.3, 28.1, 8.0, 6.7, -3.0. 31P{1H} NMR (243 MHz, CD2Cl2, δ) 10.7. HRMS-ESI (m/z): 
[M]+ calcd for C52H53O2P2PdSi, 905.231942; found, 905.23260. 
[(XANTPHOS)Pd(η3-(CHOSiMe2Et)C6H5)][BArF4] (1.18). A solution of 1.10 
(0.035 mmol) was charged with ethyldimethylsilane (28 μL, 0.21 mmol) and allowed to sit at 
room temperature until NMR spectroscopy confirmed complete conversion to 1.11 (~ 2 h). 
Benzaldehyde (36 μL, 0.35 mmol) was added to this solution. When NMR spectroscopy 
confirmed the complete consumption of 1.11, the solvent was evacuated, the residue was 
washed with pentanes (3 x 1 mL), and the resulting orange film dried under high vacuum (~ 
3 h) to provide 1.18 as a yellow film (39.3 mg, 0.022 mmol, 65%). 1H NMR (600 MHz, 
CD2Cl2, δ) 7.74 (m, 8H), 7.61 (dd, J = 7.8, 1.3 Hz, 2H), 7.57 (s, 4H), 7.50 (t, J = 7.3 Hz, 2H), 
7.40 (m, 14H), 7.15 (m, 6H), 7.03 (t, J = 7.2 Hz, 1H), 6.86 (m, 4H), 6.73 (dtd, J = 7.8, 4.4, 
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1.4 Hz, 2H), 5.99 (t, J = 2.6 Hz, 1H), 1.61 (s, 6H), 0.73 (t, J = 8.0 Hz, 3H), 0.27 (qd, J = 7.9, 
1.9 Hz, 2H), -0.24 (s, 3H), -0.24 (s, 3H). 13C{1H} NMR (151 MHz, CD2Cl2, δ) 162.2 (q, J = 
49.9 Hz), 154.3 (t, J = 5.2 Hz), 135.2, 134.3 (t, J = 3.2 Hz), 133.9 (t, J = 6.7 Hz), 133.7 (t, J = 
2.4 Hz), 133.4 (t, J = 6.6 Hz), 133.0, 131.5, 131.2, 130.5 (t, J = 2.4 Hz, overlaps with a 
multiplet), 129.6 (t, J = 5.2 Hz), 129.4, 129.3 (t, J = 5.2 Hz), 129.3 (qq, J = 31.3, 2.9 Hz), 
125.5 (t, J = 3.3 Hz), 125.0 (q, J = 272.4 Hz), 120.8 (t, J = 3.4 Hz), 120.5, 119.4 (m), 117.9 
(p, J = 4.1 Hz), 94.1 (t, J = 21.5 Hz), 35.8, 29.5, 7.9, 6.5, -2.9, -3.0. 31P{1H} NMR (243 
MHz, CD2Cl2, δ) 9.1. HRMS-ESI (m/z): [M]
+ calcd for C50H49O2P2PdSi, 877.200641; found, 
877.20188. 
[(XANTPHOS)Pd(η3-CH(CH3)(p-F-C6H4))][BArF4] (1.19). Compound 1.19 (0.035 
mmol) was prepared with p-fluoroacetophenone (43 μL, 0.35 mmol) following the same 
procedure as described for 1.18 (54.7 mg, 0.033 mmol, 94%). 1H NMR (500 MHz, CD2Cl2, 
δ) 7.74 (s, 8H), 7.64 (dd, J = 7.8, 1.4 Hz, 2H), 7.57 (s, 4H), 7.51 (m, 2H), 7.43 (m, 6H), 7.26 
(m, 8H), 7.17 (td, J = 7.8, 1.4 Hz, 2H), 7.02 (ddt, J = 7.9, 4.9, 2.4 Hz, 2H), 6.94 (ddd, J = 
11.8, 8.2, 1.4 Hz, 4H), 6.70 (ddd, J = 9.1, 7.8, 1.4 Hz, 2H), 6.58 (t, J = 8.2 Hz, 2H), 3.78 (qt, 
J = 6.7, 1.8 Hz, 1H), 1.61 (s, 6H), 0.83 (td, J = 10.9, 6.8 Hz, 3H). 13C{1H} NMR (151 MHz, 
CD2Cl2, δ) 165.6 (dt, J = 260.6, 4.1 Hz), 162.2 (d, J = 49.8 Hz), 155.0 (d, J = 8.6 Hz), 135.2, 
134.3 (d, J = 3.9 Hz), 133.4 (d, J = 12.6 Hz), 133.0 (d, J = 13.5 Hz), 132.5, 131.5 (d, J = 1.8 
Hz), 131.4 (d, J = 1.8 Hz), 130.3 (d, J = 41.3 Hz), 129.6 (d, J = 10.2 Hz), 129.5 (d, J = 10.5 
Hz), 129.3 (dd, J = 31.4, 2.9 Hz), 129.1, 128.4 (d, J = 40.3 Hz), 126.9, 125.4 (d, J = 6.8 Hz), 
125.0 (q, J = 272.4 Hz), 119.0 (dt, J = 22.8, 3.2 Hz), 118.5 (d, J = 39.6 Hz), 117.9 (p, J = 4.3 
Hz), 116.2, 66.7 (t, J = 21.6 Hz), 36.2, 28.5, 16.4 (t, J = 2.2 Hz). 31P{1H} NMR (202 MHz, 
CD2Cl2, δ) 9.8 (d, J = 6.8 Hz). 
19F{1H} NMR (376 MHz, CD2Cl2, δ) -62.8 (s, 24F), -98.8 (t, J 
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= 6.8 Hz, 1F). HRMS-ESI (m/z): [M]+ calcd for C47H40FOP2Pd, 807.15671; found, 
807.15776. 
1.4.3. Reaction Methods and Details 
Silylium transfer from 1.3 to PCy3. A solution of 1.3 (0.026 mmol) in DFB (100 μL) 
and toluene-d8 (500 μL) was combined with PCy3 (7.3 mg, 0.026 mmol) dissolved in DFB 
(50 μL) and toluene-d8 (200 μL).  
Silylium transfer from 1.3 to NEt3. A solution of 1.3 (0.026 mmol) in DFB (100 μL) 
and toluene-d8 (500 μL) was combined with triethylamine (3.6 μL, 0.026 mmol).  
Low-temperature demethylation of 1.7 and 1.9 by Pd(PCy3)2. To a frozen solution of 
1.7 or 1.9 (0.026 mmol) in DFB (100 μL) and toluene-d8 (300 μL), was added Pd(PCy3)2 
(17.3 mg, 0.026 mmol) dissolved in toluene-d8 (300 μL). The solution was mixed and kept at 
-78 °C until being placed into the probe of an NMR spectrometer pre-cooled to -80 °C. 1H 
and 31P{1H} NMR spectra were incrementally obtained from -80 °C to 15 °C. 
Silylium transfer from 1.11 to PCy3. A solution of 1.11 (0.026 mmol) in DFB (100 
μL) and toluene-d8 (500 μL) was combined with PCy3 (7.3 mg, 0.026 mmol) dissolved in 
DFB (50 μL) and toluene-d8 (200 μL). The reaction was monitored by NMR spectroscopy.  
Addition of excess HSiMe2Et to 1.15. To isolated 1.15 (48.2 mg, 0.027 mmol) was 
added ethyldimethylsilane (32 μL, 0.245 mmol) and the reaction monitored by NMR 
spectroscopy. 
Addition of excess HSiMe2Et to 1.17. To isolated 1.17 (39.3 mg, 0.022 mmol) was 
added ethyldimethylsilane (32 μL, 0.245 mmol) and the reaction monitored by NMR 
spectroscopy. 
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Addition of excess styrene to 1.19. To isolated 1.19 (54.7 mg, 0.0327 mmol) in 
CD2Cl2 (600 μL) was added styrene (38 μL, 0.327 mmol) and the reaction monitored by 
NMR spectroscopy. 
Dehydrogenative silylation of 1-hexanol catalyzed by 1.11. A solution of 1.10 (0.0068 
mmol) was charged with ethyldimethylsilane (134 μL, 1.02 mmol) and allowed to sit at room 
temperature until NMR spectroscopy confirmed the consumption of 1.10 (~ 1 h). To the in 
situ generated 5, 1-hexanol (85 μL, 0.68) was added. Rapid and vigorous gas generation was 
immediately observed. The reaction mixture was monitored by NMR spectroscopy (Figure 
S12). 
In situ generation of 1.13. To a solution of 1.11 (0.026 mmol) in CD2Cl2 (600 μL) 
was added 1-hexanol (3.6 μL, 0.0286 mmol). NMR spectroscopy confirmed partial 
generation of [(Xantphos)PdH]+ (1.13) after ~ 1 h. To this reaction mixture, was added 
ethyldimethylsilane (7.2 μL, 0.0546 mmol) and NMR spectroscopy confirmed the 
regeneration of 1.11. 
Trapping 1.13 with styrene to generate 1.15. To a solution of 1.11 (0.026 mmol) in 
CD2Cl2 (600 μL) was added 1-hexanol (3.6 μL, 0.0286 mmol). NMR spectroscopy 
confirmed partial generation of [(Xantphos)PdH]+ (1.13) after ~ 1 h. To this reaction mixture, 
was added styrene (3 μL, 0.026 mmol) and NMR spectroscopy confirmed the consumption 
of 1.13 and the partial generation of 1.15.
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1.4.4. NMR Spectra for Synthesized Complexes 
 
Figure 1.27. 500 MHz 1H NMR spectrum of 1.1. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 




Figure 1.29. 500 MHz 1H NMR spectrum of 1.2. Solvent: 1:5 DFB:Tol-d8. Temperature: RT.  
 




Figure 1.31. 600 MHz 1H NMR spectrum of 1.3. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 
Figure 1.32. 151 MHz 13C{1H} NMR spectrum of 1.3. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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Figure 1.33. 243 MHz 31P{1H} NMR spectrum of 1.3. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 




Figure 1.35. (500 MHz, 99 MHz) 1H,29Si-HMBC NMR spectrum of 1.3. Solvent: 1:5 DFB:Tol-d8. Temperature: 
RT. 
 
Figure 1.36. 600 MHz 1H NMR spectrum of 1.4. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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Figure 1.37. 151 MHz 13C{1H} NMR spectrum of 1.4. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 
Figure 1.38. 243 MHz 31P{1H} NMR spectrum of 1.4. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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Figure 1.39. (500 MHz, 202 MHz) 1H, 31P-HMBC NMR spectrum of 1.4 Solvent: 1:5 DFB:Tol-d8. 
Temperature: RT. 
 




Figure 1.41. 500 MHz 1H NMR spectrum of 1.5. Solvent: 1:5 DFB:Tol-d8. Temperature: RT.  
 
Figure 1.42. 151 MHz 13C{1H} NMR spectrum of 1.5. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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Figure 1.43. 202 MHz 31P{1H} NMR spectrum of 1.5. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 




Figure 1.45. (500 MHz, 99 MHz) 1H,29Si-HMBC NMR spectrum of 1.5. Solvent: 1:5 DFB:Tol-d8. Temperature: 
RT.  
 
Figure 1.46. 500 MHz 1H NMR spectrum of 1.6. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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Figure 1.47. (500 MHz, 99 MHz) 1H,29Si-HMBC NMR spectrum of 1.6. Solvent: 1:5 DFB:Tol-d8. Temperature: 
RT. 
 
Figure 1.48. 600 MHz 1H NMR spectrum of 1.7. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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Figure 1.49. 151 MHz 13C{1H} NMR spectrum of 1.7. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 




Figure 1.51. 500 MHz 1H NMR spectrum of 1.9. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 
Figure 1.52. 77 MHz 2H NMR spectrum of 1.9. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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Figure 1.53. 600 MHz 1H NMR spectrum of 1.10. Solvent: CD2Cl2. Temperature: RT. 
 
Figure 1.54. 151 MHz 13C{1H} NMR spectrum of 1.10. Solvent: CD2Cl2. Temperature: RT. 
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Figure 1.55. 202 MHz 31P{1H} NMR spectrum of 1.10. Solvent: CD2Cl2. Temperature: RT. 
 
Figure 1.56. (500 MHz, 202 MHz) 1H,31P-HMBC NMR spectrum of 1.10. Solvent: CD2Cl2. Temperature: RT. 
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Figure 1.57. 600 MHz 1H NMR spectrum of 1.11. Solvent: CD2Cl2. Temperature: RT.  
 
Figure 1.58. 151 MHz 13C{1H} NMR spectrum of 1.11. Solvent: CD2Cl2. Temperature: RT. 
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Figure 1.59. 202 MHz 31P{1H} NMR spectrum of 1.11. Solvent: CD2Cl2. Temperature: RT. 
 
Figure 1.60. (500 MHz, 202 MHz) 1H,31P-NMR spectrum of 1.11. Solvent: CD2Cl2. Temperature: RT. 
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Figure 1.61. (500 MHz, 99 MHz) 1H,29Si-HMBC NMR spectrum of 1.11. Solvent: CD2Cl2. Temperature: RT. 
 
Figure 1.62. 500 MHz 1H NMR spectrum of 1.12. Solvent: CD2Cl2. Temperature: RT. 
80 
 
Figure 1.63. 151 MHz 13C{1H} NMR spectrum of 1.12. Solvent: CD2Cl2. Temperature: RT. 
 
Figure 1.64. 202 MHz 31P{1H} NMR spectrum of 1.12. Solvent: CD2Cl2. Temperature: RT. 
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Figure 1.65. (500 MHz, 202 MHz) 1H,31P-HMBC NMR spectrum of 1.12. Solvent: CD2Cl2. Temperature: RT. 
 
Figure 1.66 (500 MHz, 99 MHz) 1H,29Si-HMBC NMR spectrum of 1.12. Solvent: CD2Cl2. Temperature: RT. 
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Figure 1.67. 242 MHz 31P{1H} NMR spectrum of 1.14. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 
Figure 1.68. 600 MHz 1H NMR spectrum of 1.15. Solvent: CD2Cl2. Temperature: RT.
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Figure 1.69. 151 MHz 13C{1H} NMR spectrum of 1.15. Solvent: CD2Cl2. Temperature: RT. 
 
Figure 1.70. 243 MHz 31P{1H} NMR spectrum of 1.15. Solvent: CD2Cl2. Temperature: RT.
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Figure 1.71. (500 MHz, 202 MHz) 1H,31P-HMBC NMR spectrum of 1.15. Solvent: CD2Cl2. Temperature: RT.  
 
Figure 1.72. 600 MHz 1H NMR spectrum of 1.16. Solvent: CD2Cl2. Temperature: 40 °C.
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Figure 1.73. 151 MHz 13C{1H} NMR spectrum of 1.15. Solvent: CD2Cl2. Temperature: 40 °C. 
 
Figure 1.74. 243 MHz 31P{1H} NMR spectrum of 1.16. Solvent: CD2Cl2. Temperature: 40 °C.
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Figure 1.75. 600 MHz 1H NMR spectrum of 1.17. Solvent: CD2Cl2. Temperature: RT.  
 
Figure 1.76. 151 MHz 13C{1H} NMR spectrum of 1.17. Solvent: CD2Cl2. Temperature: RT.
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Figure 1.77. 243 MHz 31P{1H} NMR spectrum of 1.17. Solvent: CD2Cl2. Temperature: RT. 
 
Figure 1.78. (500 MHz, 202 MHz) 1H,31P-HMBC NMR spectrum of 1.17. Solvent: CD2Cl2. Temperature: RT.
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Figure 1.79. 600 MHz 1H NMR spectrum of 1.18. Solvent: CD2Cl2. Temperature: RT.  
 
Figure 1.80. 151 MHz 13C{1H} NMR spectrum of 1.18. Solvent: CD2Cl2. Temperature: RT. 
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Figure 1.81. 243 MHz 31P{1H} NMR spectrum of 1.18. Solvent: CD2Cl2. Temperature: RT. 
 
Figure 1.82. (500 MHz, 202 MHz) 1H,31P-HMBC NMR spectrum of 1.18. Solvent: CD2Cl2. Temperature: RT.
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Figure 1.83. 500 MHz 1H NMR spectrum of 1.19. Solvent: CD2Cl2. Temperature: RT.  
 
Figure 1.84. 151 MHz 13C{1H} NMR spectrum of 1.19. Solvent: CD2Cl2. Temperature: RT.
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Figure 1.85. 202 MHz 31P{1H} NMR spectrum of 1.19. Solvent: CD2Cl2. Temperature: RT. 
 
Figure 1.86. 376 MHz 19F{1H} NMR spectrum of 1.19. Solvent: CD2Cl2. Temperature: RT.
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Figure 1.87. (500 MHz, 202 MHz) 1H,31P-HMBC NMR spectrum of 1.19. Solvent: CD2Cl2. Temperature: RT.
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1.4.5. HRMS Spectra 
 
Figure 1.88. Excerpt of the HRMS spectrum for 1.10, highlighting the molecular ion peak.  
 
Figure 1.89. Excerpt of the HRMS spectrum for 1.14, highlighting the molecular ion peak.  
 
Figure 1.90. Excerpt of the HRMS spectrum for 1.15, highlighting the molecular ion peak.
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Figure 1.91. Excerpt of the HRMS spectrum for 1.16, highlighting the molecular ion peak.  
 
Figure 1.92. Excerpt of the HRMS spectrum for 1.17, highlighting the molecular ion peak.  
 
Figure 1.93. Excerpt of the HRMS spectrum for 1.18, highlighting the molecular ion peak. 
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Figure 1.94. Excerpt of the HRMS spectrum for 1.19, highlighting the molecular ion peak. 
96 
1.4.6. X-ray Diffraction Experimental Data 
Table 1.2. Structure solution and refinement details for 1.15. 
Formula C79.5H54B1O1F24P2PdCl0.5 
Formula Weight 1678.145 
Crystal Color, shape, size yellow plate fragment, 0.052x 0.089x 0.382 mm3 
Crystal Class triclinic 
Space Group P -1 
Unit Cell Dimensions 
a = 14.6401(3) Å α = 115.2667(13)°   
b = 17.2051(4) Å    β = 96.9948(16)°    
c = 17.9300(4) Å    γ = 103.7856(18) °  
Volume 3836.00(17) Å3         
Z 2 
Density (calculated) 1.47 mg/m3 
Absorption Coefficient 3.851 mm-1 
F(000) 1706 
Diffractometer Bruker Apex2 
Wavelength 1.54187 Å (Cu Kα) 
Theta range for data collection 2.8180– 66.5610° 
Index Ranges 
h = -17 → 17 
k = -20 → 20 
l = -21 → 21 
Reflections measured 60658 
Independent reflections 13236  [Rint = 0.0615]    
Observed Reflections 8314 
Completeness to theta 0.965 
Absorption Correction Multi-scan      
Transmission range 0.73 to 0.83      
Solution Charge Flipping 
Refinement Method Full-matrix, least-squares on F2 
Weighting Scheme 
w = 1/[σ²(Fobs²) + (0.081 × P)² + 9.530 × P + 0.000 + 0.000 × sinθ], 
P = 0.333 × max(Fobs²,0) + 0.667 × Fcalc² 
Data/Restraints/Parameters 13175/64/1178 
GooF on F2 1.025 
Final R values [I>2sigma(I)] R1 = 0.0658, wR2 = .1709 
R indices (all data) R1 = 0.0751, wR2 = .1781 
Largest diff. peak and hole 1.48 and -0.9 e Å-3  
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Table 1.3. Structure solution and refinement details for 1.16. 
Formula C87H65BF24OP2Pd 
Formula Weight 1760.9 
Crystal Color, shape, size yellow plate fragment, 0.082x 0.0218x 0.425 mm3 
Crystal Class                         150 K 
Space Group                         triclinic 
Unit Cell Dimensions P -1 
Volume 3915.84(13) Å3 
Z 2 
Density (calculated) 1.49 mg/m3 
Absorption Coefficient 3.223 mm-1 
F(000) 1783.353 
Diffractometer Bruker Apex2 
Wavelength 1.54187 Å (Cu Kα) 
Theta range for data collection 2.8881– 66.5963° 
Index Ranges 
h = -15 → 17 
k = -20 → 20 
l = -21 → 21 
Reflections measured     85508 
Independent reflections 13517  [Rint = 0.0642] 
Observed Reflections     9848 
Completeness to theta 0.972 
Absorption Correction Multi-scan      
Transmission range    0.58 to 0.77      
Solution Charge Flipping 
Refinement Method Full-matrix, least-squares on F2 
Weighting Scheme 
w =1/[σ²(Fobs²) + ( 0.040 × P)² + 11.060 × P + 0.000 + 0.000 × sinθ], 
P = 0.333 × max(Fobs²,0) + 0.667 × Fcalc² 
Data/Restraints/Parameters 13452/466/1269 
GooF on F2 1.001 
Final R values [I>2sigma(I)] R1 = 0.0601, wR2 = .1298 
R indices (all data) R1 = 0.0518, wR2 = .1236 
Largest diff. peak and hole 0.99 and -0.94 e Å-3  
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Figure 1.95. Graphics with numbering for the palladium complex 1.15. The graphic omits the BArF4− counterion 
and a dichloromethane molecule with 0.5 occupancy. Hydrogens also omitted for clarity. 
 
Figure 1.96. Graphics with numbering for the palladium complex 1.16. The graphic omits the BArF4− counterion 
and a molecule of pentane. Hydrogens also omitted for clarity.
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1.4.7. Computational Details 
Calculations were carried out with the Gaussian 09 program package, revision E.01.6 
Geometry optimizations and frequency calculations were performed in the gas phase using 
the dispersion corrected (GD3BJ) PBE1PBE functional with the following basis sets: 6-
311G* (C, H, Si), 6-311+G* (O, F, S, P), LANL2DZ (Pd). Basis set superposition error 
(BSSE) corrected interaction energies (complexation energies) were obtained by computing 
the counterpoise corrections of the Lewis base−silylium adducts, with the silylium moiety 
assigned a charge of +1 and the Lewis base as assigned a charge of q - 1, where q is the 
overall charge of the adduct.  










[Ph2O−SiMe2Et]+ (1.1) -985.817660 0 -65.88 
[Ph2O−SiEt2H]+ (1.2) -985.793630 0 -68.91 
[(PCy3)2Pd−SiMe2Et]+ (1.3) -2666.708359 0 -121.89 
[(PCy3)2Pd−SiHEt2]+ (1.4) -2666.691057 0 -131.13 
[(Xantphos)Pd−SiMe2Et]+ (1.11) -2835.956639 0 -133.36 
[(Xantphos)Pd−SiHEt2]+ (1.12) -2835.940147 0 -139.45 
[(C6H13)(Me)O−SiMe2Et]+ (1.7) -799.032970 0 -67.54 
[(C6H13)(Me)O−SiEt2H]+ -799.009219 0 -71.51 
[Cy3P−SiMe2Et]+ (1.5) -1493.947709 0 -102.23 
[Cy3P−SiEt2H -1493.927495 0 -108.49 
TfO−SiMe2Et -1409.152110 0 -172.69 
TfO−SiHEt2 -1409.128583 0 -178.88 
[(Xantphos)PdMe]+ (1.10) -2427.574712 0 --- 




Figure 1.97. The ground sate optimized geometry in the gas phase for 1.10 at the PBE1PBE level using split 
triple-zeta basis sets.  
 
Figure 1.98. The ground sate optimized geometry in the gas phase for 1.13 at the PBE1PBE level using split 




1.4.8. Cartesian Coordinates for DFT Optimized Geometries 
[Ph2O−SiMe2Et]+ (1.1) 
Si 0.919211 1.967523 1.666994 
C 2.742148 2.113429 1.956482 
H 3.235189 2.743454 1.212412 
H 2.914836 2.580415 2.932412 
H 3.238871 1.140401 1.981199 
C 0.057702 3.560838 1.295 
H -0.993664 3.413488 1.035747 
H 0.085042 4.195838 2.187112 
H 0.533981 4.119233 0.486032 
C 0.027054 0.851216 2.855267 
H -0.255592 1.510837 3.68895 
H -0.928671 0.544373 2.414481 
C 0.862942 -0.342511 -0.039586 
C -0.32072 -1.052458 -0.02534 
C 2.108439 -0.936283 -0.092256 
C -0.245758 -2.439862 -0.055951 
H -1.274601 -0.539182 0.013797 
C 2.163993 -2.325057 -0.123993 
H 3.011603 -0.337708 -0.110532 
C 0.99187 -3.072241 -0.101833 
H -1.158329 -3.025083 -0.043272 
H 3.12743 -2.820501 -0.165842 
H 1.042896 -4.155074 -0.124329 
C 0.823577 1.797942 -1.210893 
C -0.377146 2.056356 -1.840494 
C 2.047857 2.199441 -1.707103 
C -0.342899 2.757999 -3.039463 
H -1.313052 1.721266 -1.408379 
C 2.062165 2.902743 -2.906637 
H 2.966697 1.968922 -1.180628 
C 0.871863 3.180197 -3.56838 
H -1.2698 2.975539 -3.5581 
H 3.008234 3.230516 -3.322564 
H 0.890721 3.728174 -4.503793 
O 0.78694 1.086988 0.034747 
C 0.795349 -0.355941 3.395617 
H 1.032087 -1.078466 2.612038 
H 1.734307 -0.058339 3.869129 
H 0.20514 -0.877067 4.151942 
 
[Ph2O−SiEt2H]+ (1.2) 
Si 0.9218 1.962 1.6956 
C 0.0528 3.5781 1.427 
H -1.0027 3.3868 1.201 
H 0.4691 4.0755 0.545 
C 0.208 0.8256 2.9762 
H 0.039 1.479 3.8449 
H -0.7968 0.516 2.665 
C 0.7625 -0.3337 -0.0015 
C -0.426 -1.0268 0.1022 
C 1.9946 -0.9379 -0.1495 
C -0.3692 -2.4153 0.0626 
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H -1.3671 -0.5008 0.2167 
C 2.0304 -2.3268 -0.1904 
H 2.9001 -0.3476 -0.2306 
C 0.8541 -3.0605 -0.0811 
H -1.2845 -2.9906 0.1438 
H 2.982 -2.8333 -0.3057 
H 0.8909 -4.1438 -0.1111 
C 0.8439 1.8228 -1.1512 
C -0.2807 1.9691 -1.9367 
C 2.0799 2.3467 -1.4734 
C -0.1511 2.6827 -3.1219 
H -1.228 1.5367 -1.6357 
C 2.1872 3.0638 -2.6604 
H 2.9356 2.2073 -0.8222 
C 1.077 3.2286 -3.48 
H -1.0152 2.8139 -3.7635 
H 3.1437 3.4892 -2.9425 
H 1.169 3.7864 -4.4052 
O 0.7061 1.0989 0.083 
C 1.0533 -0.3775 3.3978 
H 1.1529 -1.1107 2.5957 
H 2.0592 -0.0776 3.702 
H 0.5942 -0.8841 4.249 
C 0.1805 4.4869 2.6572 
H -0.306 5.4462 2.4719 
H -0.2917 4.054 3.5427 
H 1.2242 4.6997 2.905 
H 2.3995 2.0738 1.7668 
 
[(C6H13)(Me)O−SiMe2Et]+ (1.7) 
C -2.070434 1.523113 0.516001 
C -0.688264 1.017088 0.197181 
H -2.081302 2.572057 0.809789 
H -2.766868 1.386555 -0.31244 
C -0.606014 -0.453564 -0.18771 
H -0.327437 1.639185 -0.631641 
H -0.010568 1.229032 1.032118 
C 0.809164 -0.882998 -0.548694 
H -0.961425 -1.079421 0.641236 
H -1.273534 -0.651227 -1.036853 
H 1.1736 -0.27129 -1.383571 
H 1.481451 -0.671488 0.29392 
C 0.908982 -2.356758 -0.916819 
C 2.324333 -2.779373 -1.27583 
H 0.237096 -2.565873 -1.758441 
H 0.543392 -2.96558 -0.079735 
H 2.36987 -3.839192 -1.535905 
H 2.703136 -2.214443 -2.132623 
H 3.01383 -2.615257 -0.442158 
C -3.684974 -0.187446 1.278382 
H -3.964964 -0.730711 2.177322 
H -4.548801 0.339236 0.875198 
H -3.254516 -0.866952 0.546092 
Si -2.097514 0.955555 3.383318 
O -2.684649 0.795177 1.650217 
C -3.657061 0.811733 4.389464 
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C -3.422608 1.279607 5.833467 
H -4.015675 -0.223615 4.399435 
H -4.450975 1.411493 3.928805 
H -4.33171 1.159419 6.425289 
H -2.638923 0.703094 6.333269 
H -3.14407 2.335057 5.881014 
C -1.347575 2.64802 3.427207 
H -2.076844 3.433826 3.212107 
H -0.982182 2.828772 4.443959 
H -0.488783 2.775087 2.764917 
C -0.904095 -0.443037 3.607657 
H -1.359924 -1.414604 3.396861 
H -0.012071 -0.343003 2.98478 
H -0.567673 -0.472612 4.649619 
 
[(C6H15)(Me)O−SiEt2H]+  
C -2.1718 1.456 0.5436 
C -0.7632 1.024 0.2397 
H -2.2419 2.4966 0.8609 
H -2.8526 1.2933 -0.293 
C -0.6176 -0.4296 -0.1891 
H -0.4106 1.6872 -0.5601 
H -0.1157 1.2419 1.098 
C 0.8234 -0.8045 -0.5054 
H -0.9874 -1.0952 0.6021 
H -1.2454 -0.6176 -1.07 
H 1.2031 -0.152 -1.3017 
H 1.4541 -0.6046 0.3716 
C 0.983 -2.2601 -0.9215 
C 2.4242 -2.6285 -1.2343 
H 0.3536 -2.457 -1.7981 
H 0.601 -2.91 -0.1234 
H 2.5126 -3.6761 -1.5301 
H 2.8213 -2.0214 -2.0531 
H 3.0731 -2.4756 -0.3665 
C -3.7602 -0.3061 1.3013 
H -4.0488 -0.8304 2.2103 
H -4.6181 0.2223 0.8882 
H -3.3334 -1.0018 0.5815 
Si -2.1127 0.8024 3.3622 
O -2.7522 0.6715 1.6624 
C -3.6238 0.9103 4.4392 
C -3.3249 1.6347 5.7607 
H -4.0143 -0.0935 4.6432 
H -4.4118 1.4454 3.896 
H -4.2274 1.6949 6.3715 
H -2.5678 1.1183 6.3556 
H -2.9761 2.6565 5.5931 
C -0.9949 -0.6608 3.6035 
H -1.5342 -1.5771 3.3321 
H -0.1534 -0.5867 2.9058 
C -0.483 -0.7671 5.046 
H -1.2961 -0.9351 5.7563 
H 0.2073 -1.607 5.1435 
H 0.057 0.1304 5.3601 
H -1.4046 2.0961 3.2219 
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[(PCy3)2Pd−SiMe2Et]+ (1.3) 
Pd -0.033193 -0.198204 0.018246 
Si 0.001967 -2.520088 -0.04338 
P 2.28027 0.312472 0.009402 
P -2.336439 0.056432 -0.067174 
C -3.370207 -0.63001 1.302797 
C -2.546759 -0.816141 2.583302 
C -4.67925 0.100153 1.618389 
H -3.629361 -1.63157 0.931264 
C -3.343852 -1.588304 3.628389 
H -2.270489 0.165044 2.987321 
H -1.60436 -1.324929 2.358187 
C -5.480833 -0.680472 2.657073 
H -4.454767 1.094849 2.019859 
H -5.277395 0.253295 0.717327 
C -4.674362 -0.908427 3.929469 
H -2.751997 -1.694915 4.542964 
H -3.529244 -2.606314 3.259279 
H -6.408643 -0.145854 2.88275 
H -5.777786 -1.648043 2.231006 
H -5.251624 -1.502646 4.643933 
H -4.484747 0.058171 4.414975 
C 3.467297 -0.362381 -1.242576 
C 4.660835 0.519777 -1.624223 
C 3.933012 -1.763965 -0.830497 
H 2.840264 -0.473637 -2.139517 
C 5.496574 -0.144417 -2.715801 
H 5.2883 0.707008 -0.746998 
H 4.321511 1.495961 -1.976049 
C 4.774704 -2.411767 -1.924617 
H 4.527965 -1.698579 0.088665 
H 3.075788 -2.400382 -0.6021 
C 5.959847 -1.535855 -2.306962 
H 6.353643 0.492139 -2.956207 
H 4.897941 -0.215268 -3.63391 
H 5.114043 -3.39706 -1.590383 
H 4.145888 -2.584234 -2.808341 
H 6.531073 -1.999968 -3.116305 
H 6.644638 -1.456196 -1.452219 
C 3.001129 0.175726 1.705234 
C 4.444686 0.627708 1.93702 
C 2.030632 0.825335 2.699857 
H 2.965495 -0.906027 1.893351 
C 4.856156 0.380049 3.386768 
H 4.55753 1.690656 1.703926 
H 5.124227 0.090937 1.270608 
C 2.468696 0.580665 4.139104 
H 1.979863 1.906674 2.517494 
H 1.018511 0.431666 2.536382 
C 3.900934 1.04665 4.368157 
H 5.878631 0.737347 3.542687 
H 4.875237 -0.701519 3.576428 
H 1.783013 1.087153 4.825827 
H 2.393857 -0.492306 4.359975 
H 4.20782 0.838356 5.397382 
H 3.953444 2.136802 4.245336 
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C 1.945512 2.102988 -0.389557 
C 2.988827 3.165052 -0.032595 
C 1.495708 2.210166 -1.854659 
H 1.060258 2.32733 0.22978 
C 2.476699 4.560047 -0.383758 
H 3.9268 2.973937 -0.562064 
H 3.219763 3.123133 1.034159 
C 1.005436 3.614254 -2.18692 
H 2.330043 1.958243 -2.518806 
H 0.710308 1.471369 -2.063163 
C 2.05635 4.662508 -1.844215 
H 3.248888 5.300439 -0.15388 
H 1.619818 4.801184 0.259883 
H 0.735516 3.669278 -3.246224 
H 0.0865 3.822203 -1.622395 
H 1.677292 5.665624 -2.06123 
H 2.934449 4.519593 -2.487658 
C -3.041725 -0.523281 -1.675048 
C -4.564121 -0.543263 -1.81961 
C -2.35587 0.199187 -2.838849 
H -2.704239 -1.56747 -1.719551 
C -4.962019 -1.135931 -3.169444 
H -4.971996 0.469211 -1.733112 
H -5.013689 -1.132244 -1.01419 
C -2.778694 -0.401199 -4.175185 
H -2.614238 1.264877 -2.826276 
H -1.266948 0.137146 -2.720405 
C -4.29492 -0.403 -4.326499 
H -6.050858 -1.110601 -3.274455 
H -4.674332 -2.195515 -3.196182 
H -2.309854 0.152719 -4.994421 
H -2.403698 -1.431247 -4.242948 
H -4.580348 -0.859401 -5.278864 
H -4.658411 0.632804 -4.360422 
C -2.351704 1.916129 -0.052957 
C -3.633118 2.64969 -0.457419 
C -1.818795 2.441438 1.287416 
H -1.595891 2.156207 -0.818171 
C -3.385938 4.155796 -0.50732 
H -4.43236 2.434642 0.257699 
H -3.983924 2.304737 -1.432508 
C -1.59033 3.947417 1.239318 
H -2.540405 2.216287 2.080563 
H -0.892833 1.92162 1.568003 
C -2.854712 4.685852 0.818468 
H -4.312021 4.670003 -0.781624 
H -2.663785 4.375981 -1.305425 
H -1.24471 4.300071 2.21629 
H -0.784891 4.169462 0.526929 
H -2.661179 5.760383 0.748793 
H -3.622192 4.560935 1.593545 
C -1.630636 -3.437947 0.235739 
H -1.962968 -3.278589 1.266956 
H -2.423109 -3.044637 -0.407081 
C 1.132563 -3.093898 1.347571 
H 0.775967 -2.71322 2.309488 
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H 1.117382 -4.187912 1.407301 
H 2.172799 -2.790094 1.235899 
C 0.602379 -2.943576 -1.776115 
H 0.9513 -3.981167 -1.822935 
H -0.219904 -2.841308 -2.49112 
H 1.414908 -2.302616 -2.119848 
C -1.482023 -4.939639 -0.030613 
H -0.723247 -5.400176 0.607561 
H -2.421396 -5.464881 0.162815 
H -1.2064 -5.143426 -1.068637 
 
[(PCy3)2Pd−SiEt2H]+ (1.4) 
Pd -0.041 -0.1075 -0.1947 
Si 0.1431 -2.4087 -0.2605 
P 2.2694 0.3041 -0.0458 
P -2.3685 0.0874 -0.1816 
C -3.221 -0.6244 1.2978 
C -2.2687 -0.7324 2.4958 
C -4.5325 0.037 1.7321 
H -3.4543 -1.648 0.9705 
C -2.9122 -1.5249 3.628 
H -2.0159 0.2731 2.8535 
H -1.3225 -1.1904 2.1912 
C -5.183 -0.7652 2.8562 
H -4.3236 1.0494 2.0966 
H -5.2245 0.1418 0.8937 
C -4.2457 -0.9181 4.0475 
H -2.2278 -1.5753 4.4808 
H -3.0703 -2.5604 3.297 
H -6.1148 -0.2797 3.1623 
H -5.462 -1.7573 2.477 
H -4.7141 -1.5297 4.8243 
H -4.0689 0.0683 4.4967 
C 3.5269 -0.4485 -1.1747 
C 4.7752 0.3826 -1.4879 
C 3.9176 -1.8458 -0.6741 
H 2.9721 -0.5744 -2.1159 
C 5.6605 -0.3448 -2.4975 
H 5.3427 0.5725 -0.5707 
H 4.4988 1.3593 -1.8902 
C 4.7977 -2.5619 -1.6925 
H 4.4677 -1.7547 0.2693 
H 3.0317 -2.4447 -0.451 
C 6.038 -1.7416 -2.0222 
H 6.5576 0.2509 -2.6917 
H 5.1261 -0.418 -3.4542 
H 5.0783 -3.5467 -1.3067 
H 4.2201 -2.7413 -2.6092 
H 6.6411 -2.25 -2.7802 
H 6.6694 -1.6638 -1.1272 
C 2.8121 0.1032 1.7066 
C 4.2477 0.4872 2.0736 
C 1.7942 0.7894 2.6257 
H 2.7053 -0.9811 1.861 
C 4.5213 0.1878 3.5457 
H 4.4177 1.5514 1.8831 
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H 4.9639 -0.0552 1.4522 
C 2.0895 0.4976 4.0926 
H 1.8198 1.8748 2.461 
H 0.7805 0.4551 2.3695 
C 3.5179 0.881 4.4583 
H 5.5422 0.491 3.797 
H 4.4727 -0.8971 3.708 
H 1.3727 1.0293 4.7266 
H 1.938 -0.5731 4.2822 
H 3.7212 0.6329 5.5043 
H 3.6369 1.9693 4.3708 
C 2.0533 2.1058 -0.4556 
C 3.1198 3.1168 -0.0283 
C 1.7002 2.2347 -1.9452 
H 1.1424 2.3706 0.1082 
C 2.688 4.5338 -0.3993 
H 4.0781 2.886 -0.5028 
H 3.2838 3.0589 1.0502 
C 1.2906 3.6599 -2.296 
H 2.5631 1.9483 -2.5573 
H 0.8977 1.5307 -2.2055 
C 2.3618 4.6609 -1.8818 
H 3.4742 5.2406 -0.1172 
H 1.8032 4.8059 0.1925 
H 1.0883 3.7324 -3.3691 
H 0.3483 3.9019 -1.7859 
H 2.0388 5.6801 -2.1135 
H 3.2706 4.4846 -2.4721 
C -3.2055 -0.5548 -1.6998 
C -4.7276 -0.7002 -1.661 
C -2.738 0.2301 -2.9296 
H -2.7878 -1.5663 -1.794 
C -5.2337 -1.3293 -2.957 
H -5.2024 0.2773 -1.5231 
H -5.0295 -1.319 -0.8105 
C -3.2617 -0.4059 -4.2128 
H -3.0989 1.2636 -2.8724 
H -1.6424 0.2853 -2.9463 
C -4.779 -0.5431 -4.1802 
H -6.3252 -1.3998 -2.9288 
H -4.8596 -2.3595 -3.0268 
H -2.9472 0.1902 -5.0751 
H -2.8082 -1.3975 -4.3382 
H -5.1353 -1.026 -5.0949 
H -5.2351 0.4558 -4.1617 
C -2.4815 1.9426 -0.1959 
C -3.8403 2.6059 -0.4369 
C -1.8096 2.5263 1.0543 
H -1.8435 2.2012 -1.0564 
C -3.6723 4.119 -0.5586 
H -4.5202 2.3813 0.3897 
H -4.3099 2.2145 -1.3421 
C -1.6525 4.0376 0.9388 
H -2.4172 2.2949 1.9366 
H -0.8344 2.0522 1.2321 
C -2.9921 4.7119 0.6693 
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H -4.6497 4.5851 -0.716 
H -3.0757 4.3449 -1.4529 
H -1.1985 4.4345 1.8525 
H -0.9567 4.2675 0.1207 
H -2.8557 5.7903 0.5454 
H -3.6439 4.5825 1.5433 
C -1.3966 -3.4122 0.1711 
H -1.7022 -3.1793 1.1956 
H -2.2408 -3.1453 -0.4727 
C 0.7423 -2.9087 -1.9795 
H 1.0753 -3.9529 -1.9052 
H 1.6332 -2.3345 -2.247 
C -1.1037 -4.9101 0.0466 
H -0.2465 -5.2085 0.6576 
H -1.9585 -5.5065 0.3775 
H -0.8876 -5.199 -0.9853 
C -0.3148 -2.7659 -3.0697 
H 0.0561 -3.1161 -4.0366 
H -1.2167 -3.3436 -2.8446 
H -0.6141 -1.7218 -3.1931 




P -2.0917 1.1818 -0.2521 
Si -4.393 0.8877 -0.3683 
C -1.5936 2.2309 1.1934 
C -2.5607 3.3997 1.4166 
C -1.3763 1.4717 2.5061 
H -0.6188 2.6358 0.8828 
C -2.0266 4.3453 2.4878 
H -3.5278 3.0011 1.7454 
H -2.7478 3.948 0.4915 
C -0.8445 2.4185 3.5801 
H -2.3248 1.0378 2.8447 
H -0.6742 0.6446 2.3744 
C -1.7687 3.6092 3.7952 
H -2.7375 5.1629 2.6383 
H -1.0963 4.8068 2.1319 
H -0.7075 1.8636 4.5127 
H 0.151 2.7738 3.2839 
H -1.3427 4.2897 4.5375 
H -2.7233 3.2598 4.210 
C -1.4188 2.0099 -1.7693 
C -2.096 1.5072 -3.0504 
C -1.4283 3.5416 -1.7369 
H -0.3663 1.6893 -1.7798 
C -1.3939 2.0635 -4.2851 
H -3.1402 1.8418 -3.0545 
H -2.1182 0.4167 -3.0915 
C -0.7276 4.0985 -2.9744 
H -2.4622 3.9065 -1.7134 
H -0.9338 3.9228 -0.84 
C -1.3574 3.5854 -4.2621 
H -1.9005 1.7027 -5.1849 
H -0.3705 1.6686 -4.3281 
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H -0.7542 5.1915 -2.9413 
H 0.3325 3.8151 -2.9444 
H -0.8104 3.966 -5.129 
H -2.3803 3.975 -4.3485 
C -1.1845 -0.4273 -0.081 
C -1.9041 -1.4006 0.8609 
C -0.8466 -1.1282 -1.4007 
H -0.2337 -0.1268 0.3845 
C -1.0434 -2.6322 1.1245 
H -2.8438 -1.7176 0.3933 
H -2.1712 -0.9221 1.8048 
C 0.0121 -2.3633 -1.1371 
H -1.771 -1.4325 -1.9061 
H -0.3152 -0.4584 -2.0813 
C -0.6638 -3.3298 -0.1744 
H -1.581 -3.316 1.7877 
H -0.1354 -2.3306 1.6626 
H 0.2326 -2.8573 -2.0878 
H 0.9783 -2.0465 -0.7232 
H -0.0093 -4.1818 0.0286 
H -1.5671 -3.7409 -0.644 
C -5.1549 2.5186 -0.912 
H -5.0021 3.2706 -0.1316 
H -4.6457 2.8996 -1.803 
C -4.9842 0.3896 1.3357 
H -4.5834 -0.5725 1.6592 
H -4.7565 1.1305 2.104 
H -6.0742 0.2874 1.3041 
C -4.7199 -0.4703 -1.613 
H -4.1881 -1.3974 -1.3906 
H -5.789 -0.7067 -1.5918 
H -4.4745 -0.1743 -2.635 
C -6.6515 2.362 -1.201 
H -7.0919 3.3192 -1.4895 
H -6.8384 1.6613 -2.0188 
H -7.2044 2.0072 -0.3268 
 
[Cy3P−SiEt2H]+  
P -1.9253 1.2167 -0.2148 
Si -4.1967 0.8346 -0.2858 
C -1.4519 2.3011 1.2087 
C -2.5126 3.3801 1.4599 
C -1.1321 1.5673 2.5146 
H -0.5259 2.7868 0.8678 
C -2.0365 4.3703 2.5182 
H -3.4322 2.8933 1.8109 
H -2.7685 3.9107 0.54 
C -0.6435 2.5607 3.566 
H -2.0343 1.0697 2.8896 
H -0.3766 0.7922 2.3621 
C -1.6645 3.6631 3.8144 
H -2.8161 5.1167 2.6955 
H -1.1671 4.9183 2.1324 
H -0.423 2.0246 4.4937 
H 0.3044 3.0021 3.2323 
H -1.2764 4.3823 4.5408 
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H -2.567 3.2284 4.2636 
C -1.3402 2.0423 -1.765 
C -2.0341 1.4809 -3.0138 
C -1.4465 3.5709 -1.7492 
H -0.272 1.7816 -1.8068 
C -1.4132 2.0644 -4.2793 
H -3.0963 1.7488 -2.9827 
H -1.9936 0.3915 -3.0441 
C -0.8276 4.1553 -3.0171 
H -2.5014 3.8666 -1.6943 
H -0.9491 3.9958 -0.8734 
C -1.4704 3.586 -4.2746 
H -1.9295 1.6613 -5.1553 
H -0.3696 1.7327 -4.3567 
H -0.9227 5.2447 -2.9949 
H 0.2487 3.9398 -3.023 
H -0.9798 3.9879 -5.1653 
H -2.5179 3.9106 -4.3276 
C -1.0115 -0.3868 -0.0454 
C -1.7317 -1.3447 0.9119 
C -0.7111 -1.0956 -1.3695 
H -0.0508 -0.0919 0.4015 
C -0.9022 -2.6027 1.1508 
H -2.696 -1.6279 0.4696 
H -1.9515 -0.8638 1.8667 
C 0.1262 -2.3483 -1.1223 
H -1.6524 -1.3836 -1.8533 
H -0.1806 -0.4347 -2.0599 
C -0.561 -3.3033 -0.1565 
H -1.4486 -3.2744 1.8192 
H 0.0221 -2.3296 1.6764 
H 0.3236 -2.842 -2.0781 
H 1.1041 -2.0548 -0.719 
H 0.0737 -4.1732 0.0332 
H -1.4812 -3.6871 -0.6159 
C -5.1114 2.3387 -0.9394 
H -4.9417 3.1848 -0.2651 
H -4.7195 2.6402 -1.915 
C -4.8227 0.3121 1.4129 
H -3.9933 0.0985 2.0917 
H -5.3422 1.1766 1.844 
C -6.6115 2.0444 -1.0447 
H -7.1507 2.9155 -1.4238 
H -6.8168 1.2138 -1.7255 
H -7.049 1.7943 -0.0743 
H -4.2589 -0.2966 -1.2545 
C -5.7644 -0.8925 1.3465 
H -6.622 -0.7076 0.6943 
H -5.2539 -1.7816 0.9671 
H -6.1554 -1.1359 2.3371 
 
[(Xantphos)Pd−SiMe2Et]+ (1.11) 
Pd 2.609479 3.324655 3.772983 
P 2.247146 3.332633 1.498712 
P 2.203607 3.316987 6.04085 
C 0.738476 2.288837 1.389587 
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C 0.241958 1.916168 0.143636 
H 0.782043 2.200615 -0.753126 
C -0.929859 1.182132 0.04705 
H -1.310264 0.887415 -0.924507 
C -1.615487 0.830648 1.198903 
H -2.534994 0.262007 1.109662 
C -1.15395 1.177177 2.469143 
C 0.036495 1.889997 2.533985 
O 0.59485 2.236064 3.744949 
C -0.060134 2.004643 4.934935 
C -1.273516 1.327671 4.965304 
C -1.865068 1.144326 6.214846 
H -2.809317 0.61415 6.278225 
C -1.279978 1.613079 7.380531 
H -1.766788 1.454845 8.336276 
C -0.065477 2.276681 7.317914 
H 0.401523 2.638395 8.227329 
C 0.565369 2.481565 6.093638 
C -1.931623 0.773374 3.711446 
C -3.363623 1.32119 3.605412 
H -3.961252 1.033094 4.47252 
H -3.870787 0.928863 2.721697 
H -3.362231 2.41166 3.540618 
C -1.963338 -0.761041 3.806331 
H -2.527182 -1.085399 4.684169 
H -0.953212 -1.169937 3.881633 
H -2.441589 -1.196584 2.925782 
C 1.697936 4.940403 0.85034 
C 0.356125 5.312991 0.949085 
H -0.380473 4.605828 1.31647 
C -0.044052 6.586233 0.564741 
H -1.09016 6.864701 0.638577 
C 0.887469 7.496392 0.081001 
H 0.571822 8.489151 -0.221912 
C 2.225248 7.130731 -0.01785 
H 2.957194 7.835564 -0.398125 
C 2.632555 5.862143 0.370171 
H 3.679312 5.591409 0.286372 
C 3.383104 2.619723 0.282506 
C 3.390871 3.007516 -1.058097 
H 2.732089 3.79787 -1.403678 
C 4.257672 2.388442 -1.950108 
H 4.267448 2.694847 -2.990883 
C 5.108642 1.380913 -1.511603 
H 5.785068 0.901215 -2.211266 
C 5.099697 0.990691 -0.17638 
H 5.768114 0.208007 0.166729 
C 4.244291 1.612151 0.721006 
H 4.245611 1.326564 1.769584 
C 1.895383 4.938793 6.795062 
C 0.694495 5.594333 6.512446 
H -0.084718 5.084984 5.953724 
C 0.49128 6.895348 6.949798 
H -0.446153 7.395636 6.730543 
C 1.483 7.55437 7.667898 
H 1.321854 8.571366 8.009488 
112 
C 2.679662 6.906953 7.950108 
H 3.455247 7.414896 8.513665 
C 2.890719 5.605602 7.513093 
H 3.830118 5.11363 7.739927 
C 3.233125 2.361412 7.185947 
C 4.050833 1.371232 6.63869 
H 4.091395 1.248518 5.559573 
C 4.8146 0.562408 7.467747 
H 5.449527 -0.205608 7.038665 
C 4.774343 0.746024 8.845353 
H 5.378002 0.119253 9.493409 
C 3.96744 1.736406 9.394273 
H 3.940721 1.883095 10.468971 
C 3.193845 2.542482 8.569879 
H 2.574955 3.320438 9.005387 
Si 4.539349 4.64292 3.825056 
C 3.873579 6.398519 3.888159 
H 3.308847 6.582053 4.80605 
H 4.697009 7.120728 3.850532 
H 3.213101 6.606626 3.042327 
C 5.644138 4.393831 2.322208 
H 6.055647 3.381542 2.290736 
H 5.15219 4.567961 1.364843 
C 5.620338 4.254994 5.325846 
H 5.015567 4.189328 6.23331 
H 6.045024 3.25251 5.194294 
C 6.739143 5.278855 5.526826 
H 7.368333 5.014531 6.381669 
H 7.396883 5.346845 4.655826 
H 6.33975 6.279882 5.713672 
H 6.490429 5.08756 2.38415 
 
[(Xantphos)Pd−SiHEt2]+ (1.12) 
Pd 2.41863 3.563062 3.87267 
P 2.241604 3.296929 1.59584 
P 2.115915 3.439103 6.127774 
C 0.776758 2.19139 1.542021 
C 0.436232 1.529503 0.360872 
H 1.071132 1.637418 -0.51204 
C -0.682885 0.717098 0.305681 
H -0.929776 0.193701 -0.611344 
C -1.496542 0.581371 1.423258 
H -2.376649 -0.047071 1.359927 
C -1.210017 1.245476 2.611669 
C -0.053416 2.020171 2.653359 
O 0.285255 2.663664 3.838015 
C -0.100046 2.072331 5.035063 
C -1.247882 1.286081 5.065166 
C -1.558976 0.650621 6.264121 
H -2.430719 0.009742 6.319141 
C -0.777183 0.824551 7.399101 
H -1.03782 0.314643 8.319884 
C 0.327432 1.65917 7.357018 
H 0.937002 1.807652 8.242645 
C 0.682573 2.301967 6.169996 
C -2.124541 1.24589 3.825101 
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C -2.950641 2.54909 3.791199 
H -3.600522 2.606852 4.668348 
H -3.573735 2.577659 2.893615 
H -2.30743 3.432328 3.785081 
C -3.07909 0.05838 3.830547 
H -3.746962 0.103144 4.692638 
H -2.547595 -0.896379 3.851806 
H -3.724998 0.076626 2.951035 
C 1.77371 4.754455 0.625043 
C 1.690058 4.728003 -0.768945 
H 1.96318 3.833167 -1.319093 
C 1.270825 5.857439 -1.456866 
H 1.211597 5.837445 -2.540039 
C 0.927132 7.012258 -0.760592 
H 0.600431 7.893201 -1.303256 
C 1.004488 7.040661 0.626332 
H 0.739713 7.941612 1.169647 
C 1.430352 5.915146 1.319451 
H 1.500416 5.931109 2.404148 
C 3.525285 2.419695 0.667576 
C 4.474707 3.135917 -0.063814 
H 4.366732 4.20728 -0.198171 
C 5.559149 2.476019 -0.627685 
H 6.290938 3.037393 -1.199025 
C 5.705224 1.103979 -0.462578 
H 6.553658 0.591411 -0.90341 
C 4.761825 0.388012 0.266824 
H 4.871736 -0.683632 0.395734 
C 3.677523 1.041062 0.835686 
H 2.950002 0.478826 1.412976 
C 1.539828 4.97833 6.896637 
C 0.238764 5.130033 7.37427 
H -0.463007 4.304502 7.321693 
C -0.160682 6.344888 7.920003 
H -1.173796 6.458844 8.291317 
C 0.732344 7.405648 7.993738 
H 0.417888 8.350957 8.423511 
C 2.030614 7.2575 7.51417 
H 2.729724 8.085468 7.568649 
C 2.434076 6.052578 6.959326 
H 3.445357 5.941978 6.579688 
C 3.329198 2.706616 7.251934 
C 4.044336 1.595207 6.799245 
H 3.871298 1.212687 5.796868 
C 4.970993 0.984265 7.629575 
H 5.525112 0.120294 7.277845 
C 5.195803 1.485704 8.908569 
H 5.927301 1.011582 9.554564 
C 4.489284 2.594005 9.357679 
H 4.666036 2.985612 10.353908 
C 3.552081 3.206859 8.533493 
H 3.002269 4.073993 8.884767 
Si 4.628484 4.27768 3.946848 
C 4.854594 5.762108 2.799936 
H 4.97364 5.394264 1.773865 
H 3.929454 6.347756 2.793346 
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C 5.741912 2.813889 3.528207 
H 5.689746 2.108018 4.364643 
H 5.339841 2.28606 2.65819 
C 6.030246 6.660487 3.187443 
H 6.983534 6.127409 3.162362 
H 6.115738 7.514023 2.508531 
H 5.910681 7.059001 4.198822 
C 7.195247 3.2124 3.267414 
H 7.816573 2.330803 3.085122 
H 7.282165 3.854721 2.386771 
H 7.63313 3.748938 4.11421 
H 4.970231 4.737199 5.333578 
 
TfO−SiMe2Et 
Si 0.721688 -0.41039 0.089828 
C 1.298708 0.875513 1.300613 
H 2.38541 0.847134 1.412288 
H 1.016432 1.882923 0.983933 
H 0.8572 0.701148 2.28703 
C 1.263529 -2.131736 0.535206 
H 0.758159 -2.476162 1.443092 
H 1.034166 -2.84368 -0.262269 
H 2.340451 -2.167262 0.717881 
C -1.086133 -0.272791 -0.342805 
H -1.283397 0.763661 -0.642284 
H -1.664237 -0.426854 0.578195 
O 1.456065 -0.042092 -1.457767 
S 2.959211 -0.036252 -1.884897 
O 3.812098 -0.244381 -0.736957 
O 3.131073 -0.789764 -3.095551 
C 3.095092 1.762856 -2.339725 
F 4.334265 2.012607 -2.72816 
F 2.258492 2.053379 -3.32103 
F 2.80722 2.515433 -1.285159 
C -1.549433 -1.239258 -1.4323 
H -2.609808 -1.102872 -1.660546 
H -0.990374 -1.089825 -2.359292 
H -1.414052 -2.282035 -1.131442 
 
TfO−SiEt2H 
Si 0.788352 -0.435785 -0.109283 
C 1.322418 -2.14751 0.394131 
H 1.120072 -2.834945 -0.435865 
H 2.409474 -2.143389 0.52571 
C -1.032691 -0.262606 -0.455762 
H -1.219374 0.761467 -0.798907 
H -1.56728 -0.354931 0.498629 
O 1.488023 -0.086533 -1.665358 
S 2.995968 -0.005507 -2.087175 
O 3.845532 -0.305564 -0.958965 
O 3.173879 -0.641189 -3.361929 
C 3.0967 1.831389 -2.371913 
F 4.333948 2.141951 -2.718972 
F 2.264667 2.1914 -3.333777 
F 2.778226 2.473944 -1.256499 
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C -1.563327 -1.275572 -1.470351 
H -2.631785 -1.132954 -1.651534 
H -1.051083 -1.182283 -2.431161 
H -1.427268 -2.304467 -1.124347 
C 0.623693 -2.626624 1.668314 
H -0.461243 -2.689505 1.540217 
H 0.972191 -3.620728 1.959278 
H 0.81596 -1.959301 2.514081 
H 1.291052 0.608424 0.820191 
 
[(Xantphos)PdMe]+ (1.10) 
Pd 2.422586 3.44401 3.789155 
P 2.139195 3.45032 1.509801 
P 2.083518 3.359043 6.059697 
C 0.633022 2.417397 1.379284 
C 0.154571 2.033452 0.129545 
H 0.695273 2.332085 -0.762526 
C -0.998666 1.272198 0.024948 
H -1.372287 0.976668 -0.948937 
C -1.668764 0.886042 1.174298 
H -2.570969 0.291494 1.079875 
C -1.217977 1.232164 2.449124 
C -0.064609 2.001808 2.521555 
O 0.452771 2.398217 3.744418 
C -0.093489 1.952254 4.93728 
C -1.247625 1.180489 4.950472 
C -1.72803 0.781745 6.198846 
H -2.631572 0.183654 6.247154 
C -1.085474 1.119752 7.378669 
H -1.481508 0.78387 8.330366 
C 0.069108 1.884846 7.333038 
H 0.588381 2.146017 8.249291 
C 0.576433 2.320501 6.111954 
C -1.982368 0.779338 3.682096 
C -3.369638 1.442493 3.679399 
H -3.953271 1.128467 4.548039 
H -3.932137 1.165492 2.784611 
H -3.284135 2.53141 3.703294 
C -2.131445 -0.750195 3.648705 
H -2.693251 -1.1105 4.512535 
H -1.154814 -1.239061 3.649746 
H -2.673257 -1.074216 2.758134 
C 1.69459 5.055039 0.796182 
C 0.367314 5.426924 0.585882 
H -0.435183 4.723774 0.782896 
C 0.072119 6.701052 0.115569 
H -0.961487 6.98497 -0.052556 
C 1.094156 7.605275 -0.141899 
H 0.860226 8.598028 -0.511737 
C 2.419147 7.238942 0.07511 
H 3.219281 7.944043 -0.124162 
C 2.721875 5.971463 0.548361 
H 3.757709 5.691109 0.71639 
C 3.358554 2.71587 0.394009 
C 3.432771 3.065454 -0.955846 
H 2.781794 3.835751 -1.357546 
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C 4.358989 2.439423 -1.779214 
H 4.419449 2.713176 -2.827321 
C 5.20902 1.468161 -1.261834 
H 5.933328 0.98384 -1.908395 
C 5.141477 1.123904 0.083782 
H 5.813168 0.374297 0.488632 
C 4.221872 1.749293 0.913693 
H 4.173912 1.498321 1.969897 
C 1.618735 4.934474 6.824064 
C 0.286454 5.294578 7.022752 
H -0.509775 4.597492 6.783371 
C -0.021876 6.548967 7.535811 
H -1.059445 6.823661 7.694596 
C 0.992054 7.445158 7.847673 
H 0.747764 8.422346 8.25077 
C 2.322179 7.090782 7.642496 
H 3.116037 7.789684 7.884191 
C 2.638044 5.843254 7.126767 
H 3.67776 5.572027 6.968018 
C 3.275176 2.582171 7.176652 
C 4.149087 1.632894 6.642941 
H 4.125535 1.419917 5.577599 
C 5.048006 0.976051 7.471177 
H 5.727912 0.239867 7.055553 
C 5.0844 1.27171 8.829518 
H 5.792588 0.762835 9.475077 
C 4.223841 2.225707 9.361356 
H 4.26002 2.461536 10.419752 
C 3.318073 2.882952 8.539516 
H 2.658786 3.639761 8.953125 
C 4.212976 4.378154 3.829243 
H 3.993198 5.448244 3.857424 
H 4.768961 4.078209 4.718419 
H 4.784153 4.128583 2.934228 
 
[(Xantphos)PdH]+ (1.13) 
Pd 2.391146 3.459283 3.789687 
P 2.152864 3.464069 1.512422 
P 2.096799 3.37329 6.058739 
C 0.649384 2.419801 1.381936 
C 0.185473 2.015571 0.13306 
H 0.735018 2.301303 -0.757744 
C -0.965245 1.250265 0.027611 
H -1.327783 0.940704 -0.946109 
C -1.64678 0.877058 1.174554 
H -2.546723 0.279692 1.07781 
C -1.209392 1.240553 2.44931 
C -0.060506 2.016112 2.520493 
O 0.440164 2.432306 3.745464 
C -0.089238 1.966244 4.940026 
C -1.238754 1.188471 4.951872 
C -1.705432 0.772005 6.199773 
H -2.606649 0.170834 6.250376 
C -1.051231 1.097012 7.376894 
H -1.43593 0.746784 8.328073 
C 0.100637 1.866497 7.330518 
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H 0.628864 2.114845 8.245134 
C 0.593062 2.322701 6.110788 
C -1.984256 0.806325 3.683185 
C -3.352974 1.507224 3.681805 
H -3.943284 1.208492 4.551502 
H -3.922482 1.245659 2.786638 
H -3.23817 2.593473 3.706038 
C -2.175527 -0.71821 3.649175 
H -2.747512 -1.063783 4.512068 
H -1.21304 -1.234285 3.649383 
H -2.727593 -1.027264 2.759851 
C 1.699038 5.059975 0.783625 
C 0.376064 5.397963 0.502371 
H -0.420085 4.680373 0.669928 
C 0.077093 6.658696 -0.001235 
H -0.952988 6.917513 -0.222846 
C 1.091028 7.580907 -0.222982 
H 0.854346 8.56301 -0.618632 
C 2.411478 7.247624 0.064944 
H 3.20484 7.968052 -0.103949 
C 2.717372 5.995129 0.573694 
H 3.748318 5.741218 0.803041 
C 3.36872 2.720279 0.400033 
C 3.429277 3.061745 -0.952364 
H 2.778485 3.833644 -1.351421 
C 4.344717 2.42716 -1.781415 
H 4.396633 2.695719 -2.8313 
C 5.195589 1.455462 -1.266819 
H 5.91152 0.964372 -1.917574 
C 5.141021 1.120261 0.081842 
H 5.815016 0.371616 0.484579 
C 4.2328 1.754103 0.917528 
H 4.19834 1.513258 1.976386 
C 1.621649 4.939301 6.837157 
C 0.292178 5.262074 7.105208 
H -0.497764 4.548888 6.89497 
C -0.021438 6.501822 7.650367 
H -1.056635 6.748755 7.861472 
C 0.984389 7.418125 7.926734 
H 0.736238 8.383721 8.354658 
C 2.311488 7.10027 7.652154 
H 3.098586 7.81631 7.863658 
C 2.632059 5.869044 7.102223 
H 3.668197 5.627314 6.883344 
C 3.286222 2.588719 7.171629 
C 4.163193 1.642099 6.639857 
H 4.154144 1.440047 5.572396 
C 5.051833 0.978186 7.473212 
H 5.735857 0.244741 7.059569 
C 5.074082 1.263961 8.834137 
H 5.774803 0.749458 9.483358 
C 4.210388 2.216208 9.363489 
H 4.237145 2.446279 10.423411 
C 3.314322 2.880618 8.536611 
H 2.653542 3.637494 8.947843 
H 3.763571 4.139758 3.820124 
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CHAPTER 2. SILYLPALLADIUM CATIONS ENABLE THE CLEAVAGE OF 
NITRILE C−CN BONDS 
 
2.1. INTRODUCTION 
The cleavage of C−C σ-bonds under mild conditions by homogenous transition-metal 
complexes remains a challenge and is an area of continued interest within organometallic 
chemistry.1–4 Several factors contribute to the difficulty of activating C−C single bonds. 
When one or both of the bonding carbon atoms of the bond are sp3-hybridized, steric 
congestion hinders the approach of the metal to the location of the bond to be cleaved.1,2 This 
steric obstruction is due to the flanking C−H bonds. Another difficulty of C−C single bond 
cleavage is that that bonding orbitals are highly directional, as opposed to C−H bonds where 
the bonding hydrogen 1s atomic orbital can interact with the metal in a variety of 
orientations.1,2,4,5 This directionality limits the substrate’s orientations for favorable orbital 
interactions with the metal complex prior to oxidative addition. These two factors kinetically 
disfavor the oxidative addition of C−C σ-bonds by transition-metals.  
When considering the thermodynamics of C−C σ-bond oxidative addition, it is useful 
to consider the microscopic reserve of the reaction, reductive elimination. Reductive 
elimination of an alkane is often cited to be thermodynamically driven by the formation of a 
stronger C−C bond (ca. 90 kcal/mol), at the energetic expense of two weaker metal−carbon 
bonds (ca. 30 kcal/mol).2 This thermodynamic argument is often invoked to explain the 
challenge of C−C σ-bond oxidative additions, however, this reasoning is misleading. The 
numerous examples of stable transition-metal dialkyl complexes highlights the weakness of 
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this argument in explaining the difficulty of C−C bond activation and indicates that these 
compounds can be kinetically trapped.1,6 Metal dialkyl complexes that are stable towards 
reductive elimination often contain metal−C(spn) bonds, where the hybridization coefficient 
(n) of the carbon atom is less than three (e.g. C(sp2)).1 Lower hybridization coefficients are 
typically correlated with increased metal−carbon bond strengths, therefore, the oxidative 
addition of C−C σ-bonds where one or both bonding carbon atoms are not sp3 hybridized can 
be thermodynamically favorable.1,7,8 The oxidative addition of C(spn2)−C(spn1) bonds (n1, n2 
< 3) is also favored on kinetic grounds. The environments about these C−C bonds are less 
sterically encumbered when n < 3, allowing for an easier approach of the metal complex to 
the site of desired bond cleavage.1 Additionally, the adjacent π-bonds present when n < 3, 
can enable pre-coordination of substrate to the metal at the site directly adjacent to the C−C 
bond, kinetically favoring bond cleavage.1,2  
Taking these factors into account, it is no surprise that most examples of metal-





aromatization or small molecular elimination, or utilize directing groups (Eq. 2.1 – 2.3).1,2,4 
Considering the argument that hybridization coefficients less than three at one or both of the 
carbon atoms involved in the C−C σ-bond favor oxidative addition, both kinetically and 
thermodynamically, it is unsurprising that both stoichiometric and catalytic examples of 
metal mediated nitrile C−CN σ-bond cleavages are well established examples of C−C σ-bond 
oxidative additions.1,2,4,9–44 These bonds contain at least one carbon atom with n < 3, making 
the C−CN bond more sterically accessible than the C−C bonds of saturated substrates.1 The 
ability of transition-metal complexes to cleave these bonds exists despite the fact that nitrile 
C−CN bonds (> 100 kcal/mol) are typically stronger than most C−C σ-bonds (ca. 85 
kcal/mol).4 The formation of strong metal−CN bonds is proposed to thermodynamically 
drive this reactivity. The oxidative addition of C−CN σ-bonds also represents one of the few 
examples of unstrained C−CN bond cleavages that don’t require directing groups.1 The 
ability of the cyano moiety to ligate metals allows for nitrile substrates to react to cleave the 
C−CN bond by mechanisms different than those of C−C bonds not directly adjacent to a 




Scheme 2.1. Reported methods of transition-metal mediated C−CN cleavage. 
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invoke one of three key mechanistic schemes: a) η2 coordination of nitrile to the electron rich 
metal center preceding oxidative addition,9,29,39–44 b) Lewis acid coordination to free or η2 
coordinated nitrile prior to oxidative addition,37,41,45–62 or c) migratory insertion of an η1 
coordinated nitrile into a metal−boron or −silicon bond (Scheme 2.1).63–78 
One of the first examples of C(sp3)−CN σ-bond cleavage by a transition-metal 
complex was reported by Burmeister in 1971 when 1,1,1-tricyanoethane was refluxed in 
benzene with (PPh3)4Pt for one week (Eq. 2.4).
20 That same year, Muetterties reported the 
first example of the C(sp2)−CN cleavage of an aryl nitrile when benzonitrile was refluxed in 
toluene for 15 minutes with the extremely nucleophilic (PEt3)3Pt (Eq. 2.5). In the early 
1980s, both Turco and Yamamoto reported that very Lewis basic and coordinatively 
unsaturated metal complexes can cleave the C(sp3)−CN bond of alkyl cyanides (Eq. 2.6 and 
2.7).19,79 For these reactions, the putative metal−alkyl complexes were proposed to undergo 
β-hydride elimination to produce alkenes. In 1983, Turco concluded that the oxidative 






Further evidence for η2-nitrile complexes being on the reaction path to C−CN oxidative 
addition was provided by Jones in 2000, who showed an equilibrium between a η2-nitrile 
nickel complex and the C−CN oxidative addition product (Eq. 2.8).29 In 2004 Jones also 
showed clear spectroscopic evidence for alkyl cyanides binding to metals in a η2 fashion (Eq. 
2.9 and 2.10).41 These η2-alkane nitrile complexes can then further react to cleave the C−CN 
bond under either thermal or photochemical conditions. Most examples of transition-metal 
mediated C−CN bond cleavages required the use of electron-rich and coordinatively 
unsaturated transition metal complexes.10,17,19,29,55,59,79,81  
While the previously described reactions clearly show that electron rich metals are 
necessary for C−CN cleavage, another method for facilitating this bond cleavage involves 
altering the electronics of the nitrile functional group. This method of activating C−CN bonds 





hydrocyanation were observed in the presence of Lewis acids (e.g. AlCl3, ZnCl2).
60 While the 
effect of the Lewis acids on the product distribution were complex, Lewis acid coordination 
to the cyano group of allyl cyanide allowed for instantaneous C−CN oxidative addition, 
contrasting slow oxidation addition in the absence of Lewis acids (Eq. 2.11).60 While the role 
of Lewis acids in facilitating C−CN bond cleavage is not always straight-forward (there are 
examples of Lewis acids preventing C−CN bond cleavages), there are many examples were 
coordination of the Lewis acids to the cyano nitrogen atom activates C−CN bonds towards 
oxidative addition.41,45,46,48–50,52–55,57,60,62  
Lewis acids which enable nitrile C−CN cleavage need not be exogenous. Ligands 
which can be considered as Z-type ligands have also been reported to facilitate C−CN 
cleavage. In the mid-2000s, Brookhart and Bergman reported that nitrile addition to 
rhodium− and iridium−silyl cations cleaved the C−CN bond of the η1 coordinated nitriles, 
with this reactivity observed for both aromatic and alkyl nitriles (Eq. 2.12).64,65,78 Studies of 
the reactions with the rhodium−silyl complex indicated that the reaction mechanism involves 
insertion of the η1-nitrile into the rhodium−silicon bond, generating a rhodium−(N-
silyl)iminoacyl intermediate.78 Migration of the iminoacyl alkyl or aryl group to the metal 
ultimately cleaves the C−CN bond to yield the product. During this hydrocarbyl group 




to cationic metal centers can be classified as Lewis acidic Z-type ligands (i.e. metal bound 
Lewis acids).82 While these ligands are known to intermolecularly transfer silylium, 
Brookhart’s experiments gave no indication that the rhodium−silyl complex is able to 
intermolecularly transfer silylium to exogenous Lewis bases.65,78,82 This ability of silylmetal 
complexes to cleave C−CN bonds was exploited by Chatani, who reported the rhodium 
catalyzed decyanation or nitriles.66,76 They proposed a silylmetal complex as the active 
catalyst, with nitrile insertion into the rhodium−metal bond being an important step in the 
mechanism of product formation. Relatedly, Chatani also showed similar nitrile insertion 
mechanism can occur for rhodium−boryl complexes.63,68,69 
The examples of nitrile C−CN bond cleavages facilitated by metal−silyl complexes 
led us to explore if silylpalladium cations of the type [(PCy3)2Pd−SiR3]
+ can cleave aryl and 
alkyl cyanide C−CN bonds. We proposed two possible mechanisms by which these 
silylpalladium cations can enable this reactivity (Scheme 2.2). The first mechanism (path a) 
is analogous to the mechanism proposed by Brookhart and Bergman and involves a 
palladium−(N-silyl)iminoacyl complex which results from nitrile insertion into the 
Scheme 2.2. Proposed mechanisms by which [(PCy3)2Pd−SiR3]+ may cleave nitrile C-
CN bonds. 
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palladium−silicon bond, as a key intermediate.65,78 Alkyl or aryl group migration from the 
iminoacyl ligand to palladium would produce the organometallic C−CN bond cleavage 
product along with an equivalent of silyl isocyanide. The other plausible mechanism (path b) 
involves intermolecular silylium ([SiR3]
+) transfer from the silylpalladium cation to nitrile, 
generating a silylnitrilium cation and the nucleophilic and low-coordinate Pd(PCy3)2 
complex. These two species can then react to generate the same palladium−(N-
silyl)iminoacyl complex as generated by path a. The former mechanism (path a) is 
hypothesized to involve a [Pd(silyl)(η1-nitrile)]+ intermediate in which the silyl ligand and 
the nitrile are cis to one another. Such as intermediate would require the bulky PCy3 ligands 
to be cis to one other, necessitating ligand reorganization. Such a reorganization, however, is 
hypothesized to make this intermediate high in energy, disfavoring path a.  
Our studies on the reactivity of [(PCy3)2Pd−SiR3]
+ cations demonstrated that these 
species are sources of [SiR3]
+, able to transfer silylium to exogenous Lewis bases. This 
intermolecular silylium transfer ability led us to propose that these silylpalladium complexes 
would cleave nitrile C−CN bonds via intermolecular silylium transfer to nitrile (Scheme 2.2 
path b). Like dialkyl ethers, silylium coordination to nitriles is known to generate stable 
ions.83–85 The stability of these silylnitrilium ions underscores the viability of silylnitrilium 
ions as reaction intermediates. Furthermore, their synthetic accessibility allows for the 
stoichiometric reaction of silylnitrilium ions with Pd(PCy3)2 to be studied. Control 
experiments have shown that Pd(PCy3)2 is incapable of cleaving the C−CN bonds of the 
nitriles tested, highlighting this metal complex alone cannot cleave these bonds. 
The results detailed herein demonstrate that [(PCy3)2Pd−SiMe2Et]
+ (1.3) is capable of 
stoichiometric cleavage of alkyl and aryl nitrile C−CN bonds at ambient temperatures. 
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Experimental data points to a mechanism that involves intermolecular silylium transfer from 
1.3 to nitrile rather than insertion of η1-coordinated nitrile into the palladium−silicon bond. 
The intermediacy of palladium−(N-silyl)iminoacyl complexes is presented and their 
surprising ability to furnish silylium ions ([SiR3]
+) and Pd(PCy3)2 is demonstrated. These 
palladium−(N-silyl)iminoacyl complexes were experimentally shown to be capable of 
cleaving the methyl C(sp3)−O of hexyl methyl ether. DFT calculations supported the 
observation that these intermediates contain a labile silylium moiety. This reactivity is a 
novel example of an organopalladium complex not containing a direct palladium−silicon 
bond capable of supplying reactive silylium ([SiR3]
+) and a zero-valent palladium 
nucleophile. 
2.2. RESULTS AND DISCUSSION 
2.2.1. Aryl Nitrile C−CN Bond Cleavage by Addition to [(PCy3)2Pd−SiMe2Et]+ (1.3).  
To investigate if [(PCy3)2Pd−SiMe2Et]
+ (1.3) can stoichiometrically cleave C−CN 
bonds, aryl and alkyl nitriles were added to solutions of 1.3 that were generated in situ in a 
1:5 mixture of o-difluorobenzene (DFB) and toluene-d8 (Scheme 2.3). After sitting at room 
temperature for one day, each reaction produced a single major organometallic product (2.1-
2.5). The 1H,31P-HMBC spectra of each product produced when aryl nitriles were added to 
1.3 (products 2.1-2.3) revealed cross peaks between the single phosphorus resonance and 
aromatic proton resonances (Figure 2.1). These cross peaks, a result of long range JPH 
coupling, suggested that 2.1-2.3 are palladium−aryl complexes, the expected products of 
oxidative C−CN bond cleavage.  
Additional spectroscopic evidence for 2.1-2.3 being palladium−aryl complexes was 
found in their 13C{1H} NMR spectra (Figure 2.2). The ipso aryl carbon atoms of 2.1-2.3 are 
triplets from JPC coupling to the two chemically equivalent PCy3 phosphorus atoms. Triplets 
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in the downfield region of the spectra (162 – 166 ppm) are attributed to the isocyano carbon 
atoms of the EtMe2SiNC ligand.
64,65,78 Generation of silyl isocyanide is not unexpected, as 
literature reports this is a common by-product of metal−silyl facilitated nitrile 
decyanations.63–78 Finally, the methyne carbon atoms of the PCy3 ligands are 1:2:1 triplets   
a
Nitrile was added to a -78 °C solution of 1.3 before thawing to room temperature. bSi = SiMe
2
Et. 






Figure 2.1. Selected room temperature 1H,31P-HMBC (500 MHz, 202 MHz) spectra for a) 2.1, b) 2.2, and c) 
2.3, highlighting the coupling between the aromatic proton and phosphorus resonances. Note that some 







due to virtual coupling between the two mutually trans phosphine ligands.86–88 Taken 
together, the spectroscopic data for 2.2-2.4 indicate these complexes adopt the structure 
trans-[(EtMe2SiNC)(PCy3)2Pd−Ar]
+, where Ar is nitrile determined. Purification of 2.2-2.4 
by silica gel column chromatography yielded the cyano complexes 2.1’-2.3’, via hydrolysis 
of the silyl isocyanide. Crystals of 2.1’-2.3’ were grown by slow evaporation of solvent and 
X-ray crystallography confirmed their structure (Figures 2.3 – 2.5).  
  
Figure 2.2. Selected room temperature 151 MHz 13C{1H} NMR spectra for products 2.2-2.4, highlighting the 
multiplicity of the (a) isocyano carbon, (b) ipso aryl carbon, and (c) the PCy3 methyne carbon resonances. The 
splitting pattern of the ipso aryl carbon atom of 2.3 is complicated by additional coupling to fluorine. Si = 
SiMe2Et. Solvent: 1:5 DFB:Tol-d8.  
 
b) c) a) 
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Figure 2.3. ORTEP plot of 2.1’ at 30% probability level (hydrogen atoms omitted for clarity). Selected bond 
lengths and angles: Pd1−P1 = 2.3404(6) Å, Pd1−P2 = 2.3532(6) Å, Pd1−C1 = 2.044(2) Å, Pd1−C9 = 2.023(2) 
Å, C9−N1 = 1.148(3) Å, P1−Pd1−P2 = 170.19(2)°, Pd1−C9−N1 = 173.3(2)°, C9−Pd−C1 = 171.08(8)°. 
Figure 2.4. ORTEP plot of 2.2’ at 30% probability level (hydrogen atoms, and CH2Cl2 omitted for clarity). 
Selected bond lengths and angles: Pd1−P1 = 2.340(2) Å, Pd1−P2 = 2.337(2) Å, Pd1−C1 = 2.04(1) Å, Pd1−C7 = 
2.06(1) Å, C7−N1 = 1.14(2) Å, P1−Pd1−P2 = 169.9(1)°, Pd1−C7−N1 = 179(1)°, C7−Pd−C1 = 173.9(4)°. 
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2.2.2. Isobutyronitrile C−CN Bond Cleavage by Addition to [(PCy3)2Pd−SiMe2Et]+ 
(1.3).  
Unlike the addition of aryl nitriles to 1.3, which provided products from the oxidative 
addition of the C−CN bonds, addition of isobutyronitrile generated palladium−hydride 2.4 
within an hour of warming to room temperature (Eq. 2.13). A triplet in the hydridic region of 
the 1H NMR spectrum at -9.17 ppm (JPH = 8.8 Hz) proved diagnostic for a 
palladium−hydride,89 while a triplet in the 13C{1H} NMR spectrum at 167.8 ppm (JPC = 11.1 
(2.13) 
Figure 2.5. ORTEP plot of 2.3’ at 30% probability level (hydrogen atoms, and CH2Cl2 omitted for clarity). 
Selected bond lengths and angles: Pd1−P1 = 2.327(2) Å, Pd1−P2 = 2.346(2) Å, Pd1−C1 = 2.067(9) Å, Pd1−C7 
= 2.042(9) Å, C7−N1 = 1.12(1) Å, P1−Pd1−P2 = 168.70(8)°, Pd1−C7−N1 = 176.8(8)°, Pd1−C7−N1 = 179(1)°. 
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Hz) was indicative of a silyl isocyanide.64,65,78 The latter ligand suggested a similarity in the 
mechanism that produced 2.4 to those which generated the aryl nitrile derived products 2.1-
2.3. We surmised that 2.4 was generated by β-hydride elimination of either of two cationic 
Pd−propyl intermediates (Pd−iPr or Pd−nPr), unobserved at ambient temperatures, and which 
result from C−CN cleavage. The spectroscopic observation of propylene was consistent with 
this scenario.41 Not surprisingly, 2.4 was unstable to air and moisture.  
2.2.3. Reaction of Silylpalladium Cation [(PCy3)2Pd−SiMe2Et]+ (1.3) with Acetonitrile.  
Adding acetonitrile to 1.3 did not produce a palladium−methyl cation, the expected 
product of C−CN bond cleavage. Instead, immediately after nitrile addition and warming to 
ambient temperatures, a new species (2.5) was formed. After sitting at room temperature 
overnight, NMR spectroscopy indicated that a majority of 2.5 had decomposed to various 
products, including palladium−hydrides and a trace amount (~6%) of an apparent Pd−Me 
complex (vide infra, Figure 2.6). The decomposition of 2.5 in solution and in the solid state 
hindered its characterization by techniques other than NMR spectroscopy. We previously 
described 2.5 as the acetonitrile ligated silylpalladium complex trans-
[(MeCN)(PCy3)2Pd−SiMe2Et]
+,90 however, recent low-temperature 1H,13C-HMBC and 1-D 
NOESY experiments indicated that it is a palladium−(N-silyl)iminoacyl cation (Figure 2.7).  
The methyl group of 2.5 resonates as a triplet at 2.31 ppm (JPH = 2.3 Hz) in the 
1H 
NMR spectrum (Figure 2.8a). The multiplicity of this resonance results from JPH coupling to 
two chemically equivalent phosphorus atoms, confirmed by a corresponding cross peak in 
the 1H,31P-HMBC spectrum. In the 13C{1H} NMR spectrum, this methyl group also resonates 
as a triplet at 20.8 ppm (JPC = 16.9 Hz), which can only be observed with the 
13C DEPT-135 
NMR experiment due to it resonating beneath the solvent signal (Figure 2.8b,c). Despite 
strong coupling of the methyl group to the phosphorus atoms, the proton and carbon  
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resonances are not in the range expected for a Pd−CH3 moiety (vide infra). Key to 
differentiating between the trans-[(MeCN)(PCy3)2PdSiR3]
+ and 
[(PCy3)2Pd{C(=NSiR3)Me}]
+ structures was the 1H,13C-HMBC experiment, which showed 
the methyl carbon correlating to a weak quaternary carbon resonance at 176.6 ppm. This 
chemical shift is not in the region expected for the cyano carbon of ligated acetonitrile, but is 
in the chemical shift range expected for a palladium-bound iminoacyl carbon atom.91–93 The 
❑ 
∆ ∆ 
Figure 2.6. 1H,31P-HMBC (500 MHz, 202 MHz) spectra of a solution of in situ generated 2.5 after 1 day at 
room temperatures, highlighting decomposition to palladium−hydrides (∆) and an apparent Pd−Me complex 
(❑). Solvent: 1:5 DFB-Tol-d8. 
Figure 2.7. Proposed structures and binding modes of 2.5. Si = SiMe2Et. 
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spectroscopic data is thus inconsistent with either a nitrile ligated silylpalladium cation or a 
methylpalladium complex, but it is consistent with 2.5 being a palladium−(N-silyl)iminoacyl 
cation.  
The assignment of 2.5 as a Pd−iminoacyl complex suggested that the silyl group 
should be in close proximity to the iminoacyl −CH3 group in the less sterically encumbered E 
configuration of the imino group.92,94,95 Irradiation of the −SiMe2Et protons in a 1-D NOESY 
experiment provided an 8% NOE enhancement of the −CH3 proton signal, confirming that 
2.5 can’t be the nitrile bound silylpalladium cation (the two groups would be trans), and 
further supported the structural assignment as [(PCy3)2Pd{C(=NSiMe2Et)Me}]
+ (Figure 2.9).  
Cooling a solution containing 2.5 to -70 °C reversibly decoalesced the single 
phosphorus resonance into two broad signals in a 1:1 ratio (Figure 2.10). This temperature 




Figure 2.8. Selected NMR spectra of in situ generated 2.5. a) 1H,31P-HMBC (400 MHz, 162 MHz) at RT, b) 150 






Figure 2.9. 1-D NOESY experiments applied to a room temperature solution of in situ generated 2.5 (tmix = 300 
ms), highlighting the proximity of the silyl moiety to the iminoacyl methyl group. a) Normal 500 MHz 1H NMR 
spectrum, b) with selective excitation of the –SiMe2Et resonances at 0.23 ppm, and c) with selective excitation 











Figure 2.10. Variable-temperature 202 MHz 31P{1H} NMR spectra of in situ generated 2.5. Solvent: 1:5 
DFB:Tol-d8.. 
146 
iminoacyl η2 binding mode, which would render the phosphorus atoms chemically 
inequivalent for slow rotation about the Pd−C bond. Metal iminoacyl complexes can adopt 
either η1 or η2 binding modes, however, in the latter case, the ancillary ligands are typically 
rendered chemically inequivalent (Figure 2.7).41,55,56,91,93 The absence of observable JPP of the 
cis oriented phosphines is attributed to the broad peak widths (~ 60 Hz) observed at the low 
temperatures. While the spectroscopic data suggested a η2 binding mode, DFT methods were 
used to model its ground state geometry. DFT geometry optimization calculations for 2.5 in 
the gas phase converged to a structure where the binding of the iminoacyl group is best 
described as distorted η2 (Figure 2.11). The non-linear PCy3 orientation computed by DFT 
(P−Pd−P = 112.2 °C) agrees with the spectroscopic observation that the phosphine methyne 
carbon atoms present as a 1:1:1 triplet at room temperature and a 1:1 doublet at 0 °C (Figure 
Figure 2.11. The ground state optimized geometry in the gas phase for 2.5 at the B3LYP level using split triple-
zeta basis sets. 
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2.8b,c). These splitting patterns are indicative of chemically equivalent phosphines whose 
P−Pd−P bond angle has been distorted away from linearity.86–88 The other metrical 
parameters calculated for 2.5 support the assignment of the iminoacyl binding mode as η2 
(Table 2.1).  
Having established 2.5 as a palladium−iminoacyl cation, we next sought to use the 
method of Djukic to calculate the silylicity of this complex.82 Djukic’s silylicity (Π) is a 
computed value that compares the interaction energy between [SiR3]
+ and the group to which 
it is bound, to the corresponding interaction energy of the silyl triflate. Values of Π greater 
than unity indicate that the complex in question is a stronger source of silylium than the silyl 
triflate and should therefore exhibit experimental silylicity (i.e. be a source of [SiR3]
+). The 
silylicity of 2.5 was calculated to be 1.60, a value indicative of it being a strong source of 
[SiR3]
+ and comparable to Π = 1.76 for 1.3 (Table 2.1).  
The high computed silylicity of 2.5 suggested that this complex may be a source of 
silylium, even though 2.5 does not contain a direct palladium−silicon bond. We had 
previously reported in Chapter 1 that demethylation of hexyl methyl ether occurs upon 
addition to 1.3. Our results suggested that the mechanism involved intermolecular transfer of 
silylium to the Lewis basic oxygen atom of the ether. We therefore proposed that 2.5 could 
Table 2.1. DFT calculated silylicities () and metrical parameters for selected 
compounds generated in this study.a 
aGas phase calculations using the B3LYP functional and triple- basis sets. 
bAngle between the plane containing Pd, P1, and P2 and the plane containing Pd, C, and N. 
Compound Π P-Pd-P (°) Pd-C-N (°) Pd-P1 (Å) Pd-P2 (Å) Pd-C (Å) Pd-N (Å) Θ (°)
b
1.3 1.76 156.03  --- 2.4637 2.4172  ---  ---  ---
2.5 1.6 112.15 85.56 2.392 2.608 2.004 2.276 11.16
2.7 1.49 159.45 118.55 2.4507 2.4514 2.0461 2.8432 85.9
2.8 1.47 159.16 118.05 2.4512 2.4502 2.0503 2.8403 85.81
2.11 1.57 159.61 120.05 2.4561 2.4417 2.0262 2.8469 76.33
2.12 1.49 152.83 120.39 2.4691 2.4559 2.0472 2.8633 77.31
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enable the same reactivity by a similar mechanism. Addition of hexyl methyl ether to a room 
temperature solution of 2.5 resulted in the partial demethylation of the ether over one day 
(Eq. 2.14). The identity of the palladium−methyl complex 2.6 was confirmed by its authentic 
synthesis. This result clearly demonstrated the ability of 2.5 to furnish silylium capable of 
activating C(sp3)−O bonds towards oxidative cleavage by concomitantly generated 
Pd(PCy3)2. Unlike the reaction between hexyl methyl ether and 1.3, which produced the 
thermally unstable and coordinatively unsaturated palladium−methyl cation (see Chapter 1), 
the palladium−methyl complex 2.6 generated in this experiment was stabilized by generated 
acetonitrile and was thermally stable.  
2.2.4. Investigating the Formation of trans-[(EtMe2SiNC)(PCy3)2Pd(3-F-C6H4)]+ (2.2) 
and trans-[(EtMe2SiNC)(PCy3)2Pd(Ph)]+ (2.3). 
Having demonstrated the cleavage of C−CN bonds upon aryl nitrile addition to 1.3, 
we next looked to probe the mechanism of this reaction. Our previous investigations into the 
reactivity of silylpalladium cations demonstrated that 1.3 could transfer [SiR3]
+ to exogenous 
Lewis bases with concomitant Pd(PCy3)2 generation.
90 We hypothesized that this reactivity 
might be operative in the systems studied herein. Specifically, we proposed that silylium 
transfer from 1.3 to nitrile, generating Pd(PCy3)2 and silylnitrilium, might be a key step. The 
Pd(PCy3)2 nucleophile could then attack the cyano group of the silylnitrilium, producing a 
palladium−iminoacyl complex that is capable of aryl/alkyl group migration to yield the 
(2.14) 
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desired palladium−aryl/alkyl cation (Scheme 2.4). This aryl/alkyl group migration of the 
palladium−iminoacyl complex is analogous to the reverse of the reported insertion of 
isocyanides into palladium−methyl bonds.96,97  
To probe this mechanistic scheme, two types of reactions were designed (Scheme 
2.5). In method a, nitrile was added to frozen and in situ generated 1.3, while in method b, 
Pd(PCy3)2 was added to frozen and in situ generated silylnitrilium. In both cases 
spectroscopic monitoring ensued while warming from -30 °C. Method a tested for silylium 
transfer from 1.3 to nitrile, while method b probed how the two putative reactive 
intermediates, Pd(PCy3)2 and silylnitrilium, react. The synthesis and properties of the in situ 
generated silylnitrilium ions are discussed later . 
Scheme 2.4. Proposed mechanism for nitrile C−CN bond cleavage by 1.3. 
Scheme 2.5. The two reaction methods by which C−CN bond cleavages were studied 
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According to the mechanism proposed in Scheme 2.4, both methods should yield the 
same products. However, if silylium transfer from 1.3 to nitrile is slow, then product 
generation via method a should be slower than method b. Our previous studies of C−O bond 
cleavage by 1.3 demonstrated that intermolecular silylium transfer to an ethereal oxygen 
atom is significantly slower than the reaction of in situ generated silyloxonium ions with 
Pd(PCy3)2.
90 
By method a, only 1.3 was observed at -30 °C when m-C6H4FCN (NCArF) or 
benzonitrile were added (Eq. 2.15, Figures 2.12 – 2.15). Only upon warming the reactions to 
0 °C did the new products, 2.7 and 2.8, respectively, begin to grow in. By the time the 
reactions had reached 0 °C, 18% of 1.3 had been converted to 2.7, while 66% of 1.3 had been 
converted to 2.8. By contrast, method b gave 2.7 and 2.8 as the major products even without 
warming beyond -30 °C (Eq. 2.16, Figures 2.16 – 2.19). These differences support the 
hypothesis that C−CN cleavage by 1.3 likely begins with slow transfer of silylium from 1.3 
to nitrile. Warming each reaction to room-temperature resulted in the conversion of 2.7 and 





   
Figure 2.12. Selected 202 MHz variable-temperature 31P{1H} NMR spectra for the reaction which generated 2.7 
by method a, emphasizing the conversion of 1.3 → 2.7 and 2.7 → 2.2 upon warming. ◆ = 1.3,  = 2.7,  = 




















Figure 2.13. Selected 400 MHz variable temperature 1H NMR spectra for the reaction which generated 2.7 by 
method a, emphasizing the conversion of 1.3 → 2.7 and 2.7 → 2.2 upon warming. The aromatic and –SiMe
2
Et 
protons are noted. The aromatic proton resonances for 2.2 are upfield those of 2.7 and are obscured by solvent. 

























   ◆ 
Figure 2.14. Selected 202 MHz variable-temperature 31P{1H} NMR spectra for the reaction which generated 2.8 
by method a, emphasizing the conversion of 1.3 → 2.8 and 2.8 → 2.3 upon warming. ◆ = 1.3,  = 2.8,  = 















Figure 2.15. Selected 400 MHz variable temperature 1H NMR spectra for the reaction which generated 2.8 
following method a, emphasizing the conversion of 1.3 → 2.8 and 2.8 → 2.3 upon warming. The aromatic and 
–SiMe2Et protons are noted. The aromatic proton resonances for 2.3 are weak, due to its low concentration in 























   
Figure 2.16. Selected 202 MHz variable-temperature 31P{1H} NMR spectra for the reaction generating 2.7 by 









Figure 2.17. Selected 400 MHz variable temperature 1H NMR spectra for the reaction generating 2.7 by method 
b, emphasizing 2.7 as the major product at -30 °C. The aromatic and –SiMe2Et protons are noted.  = 2.7. 

















Figure 2.18. Selected 202 MHz variable-temperature 31P{1H} NMR spectra for the reaction which generated 2.8 










Figure 2.19. Selected 400 MHz variable temperature 1H NMR spectra for the reaction which generated 2.8 
following by b, emphasizing 2.8 as the major product at -30 °C. The aromatic and –SiMe2Et protons are noted. 















for nitrile coordination to 1.3, a prerequisite for C−CN cleavage by nitrile insertion into the 
Pd−Si bond of 1.3, however, such a mechanism can’t be excluded (Scheme 2.1c).65,77,78 
In the previously described reactions, the 31P{1H} NMR spectra of both 2.7 and 2.8 
showed a single major resonance, while in the 1H,31P-HMBC spectra, cross peaks between 
the phosphorus signal and aromatic proton resonances were observed (Figures 2.20 and 
2.21). While some of the aromatic resonances for 2.7 and 2.8 were obscured by solvent (1:5 
DFB:toluene-d8), 1-D TOCSY experiments revealed these hidden resonances (Figures 2.22 
and 2.23). Unlike complex 2.5, the PCy3 methyne carbon atoms of 2.7 and 2.8 presented as 
virtual triplets, indicating their mutually trans orientation (Figures 2.24 and 2.25).86–88  
In analogy to complex 2.5, both 2.7 and 2.8 are proposed to be palladium−(N-
silyl)iminoacyl cations. We sought to determine if like 2.5, 2.7 and 2.8 also behaved as 
silylium sources able to demethylate hexyl methyl ether. The slower rate of C−CN cleavage 
observed with 2.8 at ambient temperatures, as compared to 2.7, made it the more suitable 
complex to study. Addition of hexyl methyl ether to in situ generated 2.8 resulted in the 
partial demethylation of the ether over 1 day, evidenced by the generation of alkoxysilane 
and the palladium−methyl cation 2.9 (Eq. 2.17, Figure 2.26). The spectroscopic observation 
of 2.3 as an additional product demonstrated that benzonitrile C−CN bond cleavage and ether 




Figure 2.20. 1H,31P-HMBC (400 MHz, 162 MHz) NMR spectrum of a solution containing 2.7 at 0 °C, 
highlighting the JHP. Solvent: 1:5 DFB:Tol-d
8
.  
Figure 2.21. 1H,31P-HMBC (400 MHz, 162 MHz) NMR spectrum of a solution containing 2.8 at 0 °C, 





Figure 2.22. Selective 1-D TOCSY experiment applied to a solution containing 2.7 at 0 °C, highlighting the 
obscured aromatic proton resonances. a) Normal 400 MHz 1H NMR spectrum and b) with selective excitation at 
7.52 ppm* (t
mix




Figure 2.23. 1-D TOCSY experiments applied to a solution containing 2.8 at 0 °C, highlighting the obscured 
aromatic proton resonances. a) Normal 400 MHz 1H NMR spectrum and b) with selective excitation at 7.60 




Figure 2.24. 101 MHz 13C{1H} NMR spectrum of 2.7 at 0 °C, highlighting the cyclohexyl carbon resonances. * 
= P─CH. Solvent: 1:5 DFB:Tol-d8.  
* 
* 
Figure 2.25. 101 MHz 13C{1H} NMR spectrum of 2.8 at 0 °C, highlighting the cyclohexyl carbon resonances. * 





Figure 2.27. The ground state optimized geometry in the gas phase for 2.8 at the B3LYP level using split triple-
zeta basis sets. 
Figure 2.26. Selected NMR spectra for the demethylation of hexyl methyl ether by 2.8, after 1 day at ambient 
temperatures. a) 400 MHz 1H NMR spectrum and b) 162 MHz 31P{1H} NMR spectrum. ◆ = 2.3,  = 2.9
,
  = 













Using DFT, the gas phase ground state geometry and silylicity of 2.8 were calculated 
(Figure 2.27, Table 2.1). The ground state structure supported the assignment of 2.8 as a 
palladium−iminoacyl cation, while a calculated silylicity (Π) of 1.47 is consistent with its 
reactivity as a source of[ SiR3]
+. Interestingly, for the ground state structure of 2.8, the 
iminoacyl ligand is oriented nearly perpendicular to the molecular plane. The P−Pd−P bond 
angle is also more obtuse than that of 2.5 and is similar to the crystallographically determined 
P−Pd−P bond angle of 158.4 ° for (PCy3)2Pd, which, like 2.8, also exhibits virtual coupling 
between the phosphine ligands in solution.98,99 This computational data agrees with the 
spectroscopic data for 2.8 and is consistent with η1 coordination of the iminoacyl ligand. 
Similar DFT calculated metrical parameters and silylicity (Π = 1.49) were obtained for 
complex 2.7, which is also expected to be a source of [SiR3]
+ (Figure 2.28, Table 2.1).   
Figure 2.28. The ground state optimized geometry in the gas phase for 2.7 at the B3LYP level using split triple-
zeta basis sets. 
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2.2.5. Investigating the Formation of trans-[(EtMe2SiNC)(PCy3)2Pd(3,5-(CF)3-C6H3)]+ 
(2.1). 
Following method a, when 3,5-(CF3)2-C6H3CN (NCArF6) was added to 1.3 at -78 °C, 
~37% of 1.3 remained upon warming to -30 °C over ~ 1 hour, along with two broad 
phosphorus resonances attributed to a new complex 2.10 (Figures 2.29 and 2.30). Although 
not apparent in the 31P{1H} NMR spectrum at this temperature, resonances for a second 
compound, 2.11, were noted in the 1H NMR spectrum. Warming to 0 °C completed the 
conversion of 1.3 to a mixture of 2.10 and 2.11 (Eq. 2.18). This warming also sharpened the 
NMR signals of 2.10 and 2.11, with 2.11 now identifiable by a single phosphorus resonance. 
The phosphorus resonances of 2.10 narrowed into a pair of mutually coupled doublets (JPP = 
24.4 Hz), a splitting pattern indicative of cis oriented and chemically inequivalent PCy3 
ligands. The 1H,31P-HMBC spectrum of the reaction mixture at 0 °C revealed one of the 
phosphorus resonances of 2.10 to be strongly coupled to an aromatic doublet at 7.98 ppm 
(JPH = 6.3 Hz) in the 
1H NMR spectrum (Figure 2.31). This proton resonance is assigned to 
the ortho ArF6 protons of 2.10 and we surmise that it is the trans phosphorus that it strongly 
coupled to. Also observed in the aromatic region of the 1H NMR spectrum at 0 °C are the 
two resonances of 2.11 (2:1 ratio) assigned to an ArF6 moiety. As expected, warming to 
ambient temperatures resulted in the conversion of 2.10 and 2.11 to 2.1, the product of C−CN 
cleavage. By method b, 2.10 and 2.11 were the major products at -30 °C, with only trace 
(~7%) 1.3 remaining (Figures 2.32 and 2.33). The nearly complete conversion to 2.10 and 
(2.18) 
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2.11 following method b further supported the scenario of slow silylium transfer from 1.3 to 
nitrile. By both methods, the ratio of 2.10 to 2.11 was 7:3 at -10 °C (Eq. 2.19). The 





Figure 2.29. Selected 202 MHz variable-temperature 31P{1H} NMR spectra for the reaction which generated 
2.10 and 2.11 by method a, emphasizing the conversion of 1.3 → 2.10 & 2.11 and 2.10 & 2.11 → 2.1 upon 





















1H,31P-HMBC (500 MHz, 202 MHz) spectra of a solution of in situ generated 2.10 at -10 °C, 
highlighting the coupling between an ortho ArF6 proton and the trans phosphorus atom. Solvent: 1:5 DFB-Tol-
d8. 
Figure 2.30. Selected 400 MHz variable temperature 1H NMR spectra for the reaction which generated 2.10 and 
2.11 by method a, emphasizing the conversion of 1.3 → 2.10 & 2.11 and 2.10 & 2.11 → 2.1 upon warming. 
The aromatic and –SiMe2Et protons are noted. ◆ = 1.3,  = 2.10,  = 2.11, ❑ = 2.1, * = NCArF6. Solvent: 






1 h @ RT 



















Figure 2.32. Selected 202 MHz variable-temperature 31P{1H} NMR spectra for the reaction which generated 
2.11 and 2.12 by method b, emphasizing 2.11 & 2.12 as the major products at -30 °C. ◆ = 2.1,  = 2.11,  = 














Figure 2.33. Selected 400 MHz variable temperature 1H NMR spectra for the reaction which generated 2.11 and 
2.12 by method b, emphasizing 2.11 & 2.12 as the major products at -30 °C. The aromatic and –SiMe2Et 
























Figure 2.34. Selected variable-temperature 202 MHz 31P{1H} and 500 MHz 1H NMR spectra for the addition of 





Mechanistically revealing for the constitution of the reaction mixture was a 1-D 
TOCSY experiment irradiating the ortho aromatic proton resonance of 2.10 (-10 °C). 
Surprisingly, this led to the aromatic proton resonances for both 2.10 and 2.11 being 
enhanced (Figure 2.35). This putative transfer of magnetization from 2.10 to 2.11 provided 
evidence for equilibration between the two species on the spin-lock timescale (80 ms), too 
slow to be observed in the 1H NMR spectrum at this temperature.93 Taken together, the 
spectroscopic data suggested that 2.10 is the cis C−CN cleavage product, while 2.11 is the 
corresponding palladium−iminoacyl complex. The ground state structure of 2.11 was 
calculated by DFT methods and the metrical parameters and iminoacyl binding mode were 
similar to those calculated for 2.7 and 2.8 (Figure 2.36, Table 2.1).  
The equilibrium between 2.10 and 2.11 was also probed by adding the bulkier 
[Et3Si−NCArF6]
+ to Pd(PCy3)2 following method b. We hypothesized that the bulkier 
triethylsilyl group would favor the less sterically encumbered cis oxidative addition product 
2.10’ over the corresponding palladium−iminoacyl complex 2.11’. Relative integrations of 
the respective phosphorus and aromatic proton resonances confirmed this hypothesis, with 
the 2.10’ to 2.11’ ratio being perturbed to 95:5 at -10 °C (Eq. 2.19, Figure 2.37).   
Figure 2.35. 1-D TOCSY experiments applied to a solution containing 2.10 and 2.11 at -10 °C, highlighting the 
presentation of aromatic resonances for both 2.10 and 2.11 (tmix = 80 ms). a) Normal 500 MHz 1H NMR 











Figure 2.36. The ground state optimized geometry in the gas phase for 2.11 at the B3LYP level using split 
triple-zeta basis sets. 
Figure 2.37. Selected NMR spectra at -10 °C for the in situ generation of 2.10' and 2.11’ following method b, 
highlighting the ratio of 2.10’ to 2.11’. a) 400 MHz 1H NMR spectrum and b) 162 MHz 31P{1H} NMR 











2.2.6. Investigating the Formation of trans-(EtMe2SiNC)(PCy3)2PdH+ (2.4). 
Having studied the C−CN bond cleavages of aryl nitriles by 1.3, we next turned to 
isobutyronitrile as the substrate. Although we found this reaction to be complex, carrying out 
the transformation according to either method a or b provided illuminating nuance to the 
C−CN bond activation.  
Using method a, 1.3 remains mostly unreacted at -30 °C. Warming to 0 °C, however, 
led to several new singlets in the 31P{1H} NMR spectrum that we attribute to 2.12, 2.13, 
2.14, and Pd(PCy3)2 (Eq. 2.20, Figures 2.38 and 2.39). Following method b provided 2.12, 
2.13, and Pd(PCy3)2 as the major phosphorus containing species; warming to 0 °C yielded 
the same compounds observed by method a (Figures 2.40 and 2.41). The difference in the 
major species observed at -30 °C following methods a and b are again indicative of slow 
silylium transfer from 1.3 to nitrile.  
The 1H,31P-HMBC experiment was informative and complex 2.12 presented a cross 
peak between a phosphorus singlet at 32.3 ppm and a diagnostic −CH(CH3)2 resonance 
(Figure 2.42). Irradiation of this isopropyl methyne resonance in a 1-D TOCSY experiment 
enhanced the coupled isopropyl methyl resonance (Figure 2.43a,b). Surprisingly, a second set 




Figure 2.38. Selected 202 MHz variable-temperature 31P{1H} NMR spectra for the reaction which generated 




 from 1.3 by method a. This reaction highlights the conversion of 1.3 to the 
























Figure 2.39. Selected 400 MHz variable temperature 1H NMR spectra for the reaction which generated 2.12, 
2.13, 2.14, and Pd(PCy3)2 by method a. This reaction highlights the conversion of 1.3 to the aforementioned 
species upon warming from -30 °C. The–CHMe2, −CH2CH2CH3, and –SiMe2Et protons are noted. ◆ = 1.3,  























Figure 2.40. Selected 202 MHz variable-temperature 31P{1H} NMR spectra for the reaction which generated 
2.12, 2.13, 2.14, Pd(PCy3)2, by method b, highlighting the complete consumption of 1.3 at -30 °C.  = 2.12,  


















Figure 2.41. Selected 400 MHz variable temperature 1H NMR spectra for the reaction which generated 2.12, 
2.13, 2.14, and Pd(PCy3)2, by method b, highlighting the complete consumption of 1.3 at -30 °C. The 
−CH(CH3)2, −CH2CH2CH3, and –SiMe2Et protons are noted.  = 2.12,  = 2.13, ❑ = 2.14, ∆ = 






















Figure 2.42. 1H,31P-HMBC (400 MHz, 162 MHz) of a reaction solution containing in situ generated 2.12, 2.13, 














another isopropyl containing complex (2.13) and that the rate of exchange was faster than the 
spin-lock time (80 ms). With the help of an 1H,31P-HMBC experiment, the isopropyl 
methyne proton of 2.13 was shown to couple to the phosphorus singlet at 51.9 ppm. Using 
this spectroscopic data, we propose that 2.12 is the expected palladium−iminoacyl complex 
and that it equilibrates with the palladium−isopropyl cation 2.13 generated by migration of 
the isopropyl group from the iminoacyl moiety to palladium. Our assignment of 2.12 as the 
iminoacyl complex was based on the observation that the phosphorus resonance assigned to 
Figure 2.43. 1-D TOCSY experiments applied to a 0 °C solution containing 2.12, 2.13, and 2.14 (tmiz = 80 ms); 
a) normal 500 MHz 1H NMR spectrum, b) with selective excitation of the ─CH(CH3)2 resonances of 2.12 at 
3.04 ppm, and c) with selective excitation of the ─CH2CH2CH3 resonances of 2.14 at 2.88 ppm. Si =SiMe2Et 










2.12 was the major product as observed by 31P{1H} NMR spectroscopy at -30 °C when 
method b was used. We hypothesized that this reaction mirrored the previously described 
analogous reactions, where iminoacyl complexes were observed to be the major species at 
low temperatures. The possibility that 2.13 and not 2.12 is the iminoacyl species, however, 
can’t be ruled out. Although we are unsure of the details of this migration, it is unlikely to be 
elementary. Warming the reaction to 0 °C resulted in the isomerization of 2.13 to 2.14. 
Further warming caused β-hydride elimination from either 2.13 or 2.14 to produce propylene 
and 2.4. The observed growth of the Pd(PCy3)2 signals upon warming from -30 °C to -10 °C 
following method a are best explained by iminoacyl complex 2.12 also being in equilibrium 
with free silylnitrilium and Pd(PCy3)2 (Eq. 2.21). This equilibrium is also apparent for the 
reaction following method b, where 2.12, 2.13, and Pd(PCy3)2 were observed at -30 °C.  
For complex 2.14, a cross peak in the 1H,31P-HMBC spectrum between its 
phosphorus resonance and a −CH2− proton signal was observed (Figure 2.42). Irradiation of 
this methylene resonance in a 1-D TOCSY experiment revealed a correlated multiplet and 
triplet at 1.45 and 0.8 ppm, respectively, characteristic of a linear propyl ligand (Figure 
2.43c).101–103 The 13C{1H} NMR chemical shift for the α-methylene carbon atom, extracted 
from a phased 1H,13C-HSQC spectrum, resonated at 43.7 ppm and was phased to correspond 
to a −CH2− group (Figure 2.44). This spectroscopic data is supportive of 2.14 being a 
palladium−n-propyl cation. The spectroscopic data for the C−CN cleavage of isobutyronitrile 
can be summarized with Equation 2.21. Notable is the reversibility of nucleophilic attack of 
(2.21) 
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silylnitrilium by Pd(PCy3)2, as well as an equilibrium between iminoacyl complex 2.12 and 
the palladium−isopropyl cation 2.13.  
2.2.7. Enabling Acetonitrile C−CN Bond Cleavage through Steric Control.  
Despite having clear evidence that the addition of aryl nitriles or isobutyronitrile to 
1.3 cleaved the C−CN bond and involved palladium−iminoacyl intermediates, we did not 
observe methyl C−CN bond cleavage as the major product for acetonitrile. We hypothesized 
that increasing the steric bulk of the silyl group could drive C−CN cleavage by releasing 
steric strain in the metal−iminoacyl complex. The inability to generate stable silylpalladium 
Figure 2.44. A phased 1H,13C-HSQC (400 MHz, 100 MHz) of a solution containing 2.12, 2.13, and 2.14 at 0 °C, 
highlighting the location and phase of selected carbon resonances. Solvent: 1:5 DFB:Tol-d8.  
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cations with bulky silyl groups, however, required us to use method b to test this hypothesis. 
Addition of Pd(PCy3)2 to [
iPr3Si−NCMe]
+ (2.15)104 at low temperatures, followed by 
warming to ambient temperatures, quickly formed palladium−methyl cation 2.16, the result 
of acetonitrile C−CN cleavage (Eq. 2.22, Figure 2.45). This complex was characterized by 
the diagnostic palladium bound methyl group, which resonated as a triplet in the 1H NMR 
spectrum (0.30 ppm, JPH = 5.8 Hz) and a triplet in the 
13C{1H} NMR spectrum (-1.0 ppm, JPC 
a) 
b) 
Figure 2.45. Selected room temperature NMR spectra acquired within minutes after the addition of Pd(PCy3)2 to  
[iPr
3
Si−NCMe]+ (2.15), highlighting the conversion of 1.3 to 2.16. a) 500 MHz 1H and b) 202 MHz 31P{1H} 
NMR spectra. Solvent: 1:5 DFB:Tol-d8. 
(2.22) 
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= 3.3 Hz). As expected, the silyl isocyano carbon was observed at 166.8 ppm (triplet, JPC = 
13.6 Hz). Steric encumbrance in the N-silyliminoacyl intermediate is therefore also a 
determinant of the course of the C−CN activation.  
2.2.8. Synthesis and Characterization of Silylnitrilium Ions.  
The silylnitrilium ions required for the reactions following method b were generated 
at room temperatures by the addition of nitrile to in situ generated [Ph2O−SiR3]
+ (Scheme 
2.6). This diphenylsilyloxonium ion had previously proven to be a potent source of silylium 
for both weak and strong Lewis bases, including Pd(PCy3)2 and [SiR3]
+ transfer to the nitriles 
tested was complete and quantitative.90 The silylnitrilium 29Si chemical shifts (39.7 – 44.4 
ppm) were significantly upfield those of a dialkyl silyloxonium ion such as 
hexyl(methyl)(ethyldimethylsilyl)oxonium (2.22) (72.2 ppm). If the 29Si chemical shift is 
proportional to the electron density at silicon (i.e. electrophilicity), this would suggest that 
silylnitrilium cations are poorer sources of [SiR3]
+ than 2.22.84,85,105–109 To test the silylium 
donating ability of silylnitrilium cations, an equivalent of hexyl methyl ether was added to 
each. This resulted in a mixture of silylnitrilium and 2.22 that quickly equilibrated on the 
NMR timescale (Scheme 2.7). Intermolecular silylium exchange resulted in averaged proton 
chemical shifts for the silyloxonium and silylnitrilium ions. Estimates for the equilibrium 
Scheme 2.6. General procedure for the generation of silylnitrilium cations. 
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constants could be obtained by measuring the averaged chemical shifts of the diagnostic 
−OCH2− protons of 2.22 and comparing them to the shifts of free hexyl methyl ether and 
pure 2.22 (Figure 2.46). These experimental studies show that despite their more upfield 29Si 
chemical shift, silylnitrilium ions are comparable sources of [SiR3]
+ to 2.22.  
2.3. SUMMARY AND CONCLUSIONS 
The addition of aryl or alkyl nitriles to [(PCy3)2Pd−SiMe2Et]
+ (1.3) cleaved the 
C−CN bonds at ambient temperatures to generate Pd−aryl or Pd−alkyl cations. Adding a 
solution of Pd(PCy3)2 to in situ generated silylnitrilium cations ([Me2EtSi−N≡C−R]
+) 
produced the same C−CN organopalladium products, indicating that silylnitrilium ions and 
Pd(PCy3)2 are likely intermediates in the nitrile C−CN bond cleavages facilitated by 1.3. In 
the case where 1.3 was combined with acetonitrile, no C−CN bond cleavage was observed, 
Scheme 2.7. Rapid and reversible silylium transfer between hexyl methyl ether and 
nitrile. 
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however, addition of Pd(PCy3)2 to [
iPr3Si−NCMe]
+ (2.15) quickly resulted in generation of 
the Pd−Me cation. This result, where the change in the steric profile of the silyl group 
enabled the targeted reactivity, highlighted that the size of the silyl group is important in 
facilitating the cleavage of this bond. Variable-temperature NMR spectroscopy was used to 
compare the reactions where 1.3 and nitrile were combined, to those where silynitrilium 
cations and Pd(PCy3)2 were reacted. The results of these reactions of 1.3 with nitrile is slow 
while the reactions of Pd(PCy3)2 with [Me2EtSiNCR]
+ are fast and complete at low-
temperatures. This led us to conclude that 1.3 enables nitrile C−CN cleavage by a mechanism 
where intermolecular transfer of [SiR3]
+ to nitrile is likely the initiating step. In both types of 
reactions, palladium−(N-silyl)iminoacyl cations were observed to be the major 








Figure 2.46. Selected 400 MHz 1H NMR spectra of the reaction of hexyl methyl ether with a) 2.17, b) 2.18, c) 
2.19, d) 2.20, and  e) 2.21. Selected f) 400 MHz 1H NMR spectrum of hexyl methyl ether and g) 600 MHz 1H 
NMR spectrum of 2.22. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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group of the iminoacyl ligands is methyl, the Pd−(N-silyl)iminoacyl cations decomposed at 
room temperatures by aryl or alkyl group migration from the iminoacyl moiety to the metal, 
yielding the organometallic product of C−CN cleavage (palladium−aryl/cations). In certain 
instances, this hydrocarbyl group migration was observed to be reversible at low-
temperatures, with an equilibrium between the iminoacyl complex and C−CN oxidative 
addition products being established. Surprisingly, experiments where hexyl methyl ether was 
added to select palladium−(N-silyl)iminoacyl cations resulted in partial ether demethylation. 
This result demonstrated that palladium−(N-silyl)iminoacyl complexes are potent sources of 
silylium, capable of cleaving C(sp3)−O bonds. DFT calculated silylicities (Π) of the 
Pd−N(silyl)iminoacyl complexes gave values greater than unity, indicating that these species 
should be sources of silylium, which agrees with the experiment. The DFT computed ground 
state geometries of the palladium−iminoacyl complexes agree with the geometrical 
assignments determined by NMR spectroscopy. Specifically, [(PCy3)Pd{C=(NSiMe2Et)R}]
+ 
are three coordinate complexes with obtuse P−Pd−P bond angles. The coordination mode of 
the iminoacyl groups were computed to be η2 when R = Ph, 3-F-C6H4, 3,5-(CF3)2-C6H3, or 
iPr and η1 when R = Me. 
2.4. EXPERIMENTAL 
2.4.1. General Methods 
All reactions were carried out in a nitrogen filled glove box under ambient 
temperatures and pressures unless otherwise specified. All liquid reagents and solvents were 
deoxygenated with three freeze-pump-thaw cycles before storing over 4 Å molecular sieves. 
Molecular sieves were pre-activated by drying at ~180 °C under high vacuum for a minimum 
of 12 hours. ortho-Difluorobenzene (DFB), diphenyl ether, hexyl methyl ether, and all 
nitriles used were dried by distillation over calcium hydride. Deuterated solvents and silanes 
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were not dried prior to deoxygenation. Thin layer chromatography was conducted using 
SiliCyle Silica Gel 60 F254 plates and visualized with 254 nm UV light. Flash column 
chromatography was carried out using SilaFlash P60 40-63 μm (230-400 mesh). Dry ice-
acetone baths were used to cool reactions to -78 °C. A liquid nitrogen cooled cold well, 
charged with copper beads, was used to freeze solutions in the glovebox.  
Bis(tricyclohexylphosphine)palladium(0) was synthesized according to literature 
procedures110 or purchased from Strem Chemicals. The compounds 
[(PCy3)2PdSiMe2Et][B(C6F5)4]
90 (1.3) and Na[B(C6F5)4]
111 were prepared following 
established literature procedures. All other solvents and reagents were purchased from 
commercial sources: MilliporeSigma, TCI Chemicals, Strem Chemicals, Oakwood 
Chemicals, ACROS Organics, and Fisher Scientific.  
Selected samples were analyzed with a Q Exactive HF-X (ThermoFisher, Bremen, 
Germany) mass spectrometer. Samples were introduced via a heated electrospray source 
(HESI) at a flow rate of 20 μL/min. 100 time domain transients were averaged in the mass 
spectrum. ESI source conditions were set as: vaporizer temperature 35 °C, sheath gas 
(nitrogen) 8 arb, auxiliary gas (nitrogen) 0 arb, sweep gas (nitrogen) 0 arb, capillary 
temperature 320 °C, capillary voltage 320 V and funnel RF level 35 V. The mass range was 
set to 150-2000 m/z. All measurements were recorded at a resolution setting of 120,000. 
Solutions were analyzed at 0.1 mg/mL or less based on responsiveness to the ESI 
mechanism. Xcalibur (ThermoFisher, Breman, Germany) was used to analyze the data. 
Molecular formula assignments were determined with Molecular Formula Calculator (v 
1.2.3). The mass-to-charge ratio of the cation of the reported organometallic salts are 
reported as M+. All observed species were singly charged, as verified by unit m/z separation 
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between mass spectral peaks corresponding to the 12C and 13C 12Cc-1 isotope for each 
elemental composition.  
All NMR spectra were recorded on either Bruker Avance 600 MHz, 500 MHz, or 400 
MHz spectrometers, or on Bruker Neo 600 MHz or 400 MHz spectrometers. Chemical shifts 
were recorded as δ values in ppm. The 1H,29Si-HMBC experiment was used to obtain 29Si 
chemical shifts. Residual deuterated solvent proton or carbon resonances were used as 
internal references for NMR spectroscopy.112 The 19F{1H} NMR spectra were referenced to 
either the solvent DFB fluorine resonances at -138.6 ppm or to the internally added 
fluorobenzene resonance at -113.0 ppm. Tetramethylsilane in CD2Cl2 or 1:5 DFB:toluene-d8 
was used as an external reference for the 1H,29Si-HMBC experiment. Due to overlap with 
solvent signals and their low intensities resulting from JCF, the carbon resonances of B(C6F5)
− 
are not reported. When applicable, NMR yields were calculated by integration with respect to 
the triphenylmethane signal (δ 5.35 ppm), which was a by-product of the in situ generation of 
1.3 and 1.4 and the silylnitrilium salts. Multiplicity is defined as follows: s = singlet, d 
=doublet, t = triplet, q = quartet, p = pentet, hept = heptet, m=multiplet, and vt = virtual 
triplet.  
A Bruker SMART Apex II diffractometer was used to acquire X-ray crystallography 
data.  
2.4.2. Complex Synthesis and General Reaction Procedures 
Generation of [(PCy3)2Pd−SiMe2Et][B(C6F5)4] (1.3). Ethyldimethylsilane (3.8 μL, 
0.0286 mmol) was added to a room temperature solution of [Ph3C][B(C6F5)4] (24.0 mg, 
0.0260 mmol) and diphenylether (4.1 μL, 0.026 mmol) in 100 μL DFB and 200 μL toluene-
d8. The orange solution quickly turned nearly colorless, indicative of silyloxonium ion 
generation. The reaction mixture was transferred to a J. Young NMR tube and frozen in a 
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liquid nitrogen cooled cold well before adding a solution of Pd(PCy3)2 (17.3 mg, 0.026 
mmol) in 300 μL toluene-d8. The reaction was then mixed while warming to room 
temperature and allowed to rest at ambient temperatures for ~5 minutes before using in 
subsequent experiments. The NMR spectroscopic data for 1.3 is reported in Chapter 1.90 
General Procedure for Method a. A solution of in situ generated 1.3 (0.0260 
mmol), in 100 μL DFB and 500 μL toluene-d8 was added to a J. Young NMR tube and 
frozen in a liquid nitrogen cooled cold well before nitrile (0.026 mmol) was added. The 
reaction mixture was warmed to and mixed at -78 °C before placing it into the probe of a 
spectrometer pre-cooled to -30 °C. After low-temperature NMR spectroscopic analysis, the 
reaction was left to react at room temperature for 1 day. For reactions with aryl nitriles, the 
palladium−aryl products (2.1’-2.3’) were isolated by silica gel flash column chromatography 
(10% ethyl acetate in hexanes). X-ray quality crystals were obtained by slow evaporation 
from either ethyl acetate or dichloromethane. 
[trans-(Me2EtSiNC)(PCy3)2Pd(3,5-(CF3)2-C6H3)][B(C6F5)4] (2.1). For the 
generation of 2.1, 4.4 μL of 3,5-(CF3)2-C6H3CN was used. 
1H NMR (600 MHz, 1:5 
DFB:Toluene-d8) δ 7.89 (s, ortho ArH, 2H), 7.55 (s, para ArH, 1H), 1.69 (m, Cy, 30H), 1.58 
(d, J = 13.4 Hz, Cy, 6H), 1.35 (q, J = 12.7 Hz, Cy, 12H), 1.05 (qt, J = 13.0, 3.3 Hz, Cy, 6H), 
0.93 – 0.82 (m, Cy + SiCH2CH3, 15H), 0.65 (q, JHH = 7.9 Hz, SiCH2CH3, 2H), 0.26 (s, 
SiMe2, 6H). 
13C{1H} NMR (151 MHz, 1:5 DFB:Toluene-d8) δ 162.2 (t, JCP = 15.0 Hz, 
CNSi), 159.1 (t, JCP = 5.1 Hz, ipso Ar), other aromatic resonances obscured, 35.7 (vt, JCP = 
10.3 Hz, Cy), 30.6 (Cy), 27.8 (vt, JCP = 5.5 Hz, Cy), 26.4 (Cy), 7.2 (SiCH2CH3), 6.0 
(SiCH2CH3), -3.1 (SiMe2). 
31P{1H} NMR (202 MHz, 1:5 DFB:Toluene-d8) δ 28.4. 
19F{1H} 
NMR (565 MHz, 1:5 DFB:Toluene-d8) δ -63.2 (s, CF3, 6F), -131.8 (m, B(C6F5)4, 8F), -163.3 
183 
(t, JFF = 20.6 Hz, B(C6F5)4, 4F), -167.0 (t, JFF = 19.6 Hz, B(C6F5)4, 8F). 
29Si from H,Si-
HMBC (100 MHz, 500 MHz, 1:5 DFB:Toluene-d8) δ 19.1.  
trans-(NC)(PCy3)2Pd(3,5-(CF3)2-C6H3) (2.1’). Rf = 0.24 (10% ethyl acetate in 
hexanes), (17.9 mg, 0.020 mmol, 76%), 1H NMR (400 MHz, CD2Cl2-d2) δ 7.89 (s, ortho 
ArH, 2H), 7.39 (s, para ArH, 1H), 1.89 (m, Cy, 18H), 1.75 (d, J = 13.0 Hz, Cy, 12H), 1.66 
(d, J = 12.9 Hz, Cy, 6H), 1.54 (q, J = 12.3 Hz, Cy, 12H), 1.21 (qt, J = 12.3, 3.4 Hz, Cy, 6H), 
1.02 (q, J = 11.7 Hz, Cy, 12H). 13C{1H} NMR (151 MHz, CD2Cl2-d2) δ 165.6 (t, JCP = 7.2 
Hz, ipso Ar), 138.7 (Ar), 137.5 (t, JCP = 16.9 Hz, CN), 128.2 (q, JCF = 31.3 Hz, Ar), 124.7 (q, 
JCF = 272.9 Hz, CF3), 116.0 (m, Ar), 35.2 (vt, JCP = 10.5 Hz, Cy), 30.3 (Cy), 27.9 (vt, JCP = 
5.4 Hz, Cy), 26.8 (Cy). 31P{1H} NMR (162 MHz, CD2Cl2-d2) δ 27.9, 
19F{1H} NMR (565 
MHz, CD2Cl2-d2) δ -62.2 (s, CF3, 6F). HRMS-ESI (m/z): [M – CN]
+ calcd for C44H69F6P2Pd, 
879.374479; found, 879.37817.  
[trans-(Me2EtSiNC)(PCy3)2Pd(3-F-C6H4)][B(C6F5)4] (2.2). For the generation of 
2.2, 2.8 μL of 3-F-C6H4CN was used. 
1H NMR (600 MHz, 1:5 DFB:Toluene-d8) δ Aromatic 
resonances obscured, 1.69 (m, Cy, 30H), 1.61 (d, J = 13.4 Hz, Cy, 6H), 1.35 (m, Cy, 12H), 
1.09 (qt, J = 13.0, 3.4 Hz, Cy, 6H), 0.94 (m, Cy 12H), 0.89 (t, JHH = 7.9 Hz, SiCH2CH3, 3H), 
0.64 (q, JHH = 8.0 Hz, SiCH2CH3, 2H), 0.24 (s, SiMe2, 6H). 
13C{1H} NMR (151 MHz, 1:5 
DFB:Toluene-d8) δ 164.2 (t, JCP = 15.3 Hz, CNSi), 162.8 (d, JCF = 250.9 Hz, Ar−F), 157.2 
(q, JCP = 4.5 Hz, ipso Ar), 110.7 (d, JCF = 20.5 Hz, ArF), other aromatic resonances obscured, 
35.5 (vt, JCP = 10.4 Hz, Cy), 30.7 (Cy), 27.8 (q, JCP = 5.1 Hz, Cy), 26.52 (Cy), 7.3 
(SiCH2CH3), 6.0 (SiCH2CH3), -3.0 (SiMe2). 
31P{1H} NMR (202 MHz, 1:5 DFB:Toluene-d8) 
δ 27.2. 19F{1H} NMR (565 MHz, 1:5 DFB:Toluene-d8) δ -113.0 (s, ArF, 1F), -131.8 (m, 
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B(C6F5)4, 8F), -163.3 (t, JFF = 20.6 Hz, B(C6F5)4, 4F), -167.0 (t, JFF = 19.5 Hz, B(C6F5)4, 8F). 
29Si from H,Si-HMBC (100 MHz, 500 MHz, 1:5 DFB:Toluene-d8) δ 17.9. 
trans-(NC)(PCy3)2Pd(3-F-C6H4) (2.2’). Rf = 0.24 (10% ethyl acetate in hexanes), 
(19.2 mg, 0.024 mmol, 94%).
 1H NMR (600 MHz, CD2Cl2-d2) δ 7.17 (d, J = 7.4 Hz, ArH, 
1H), 7.10 (dd, J = 10.0, 2.7 Hz, ArH, 1H), 6.96 (q, J = 7.3 Hz, ArH, 1H), 6.56 (td, J = 8.8, 
2.7 Hz, ArH, 1H), 2.00 (t, J = 11.7 Hz, Cy, 6H), 1.94 (d, J = 9.4 Hz, Cy, 12H), 1.79 (t, J = 
11.5 Hz, Cy, 12H), 1.69 (m, Cy, 6H), 1.59 (q, J = 12.4, Cy, 12H), 1.25 (td, J = 13.0, 3.7 Hz, 
Cy, 6H), 1.11 (q, J = 12.6 Hz, 12H). 13C{1H} NMR (151 MHz, CD2Cl2-d2) δ 164.1 (td, J = 
6.4, 1.7 Hz, ipso Ar), 162.1 (d, JCF = 246.9 Hz, Ar−F), 139.6 (t, JCP = 17.1 Hz, CN), 134.7 (d, 
JCF = 2.4 Hz, Ar), 127.3 (d, JCF = 6.7 Hz, Ar), 124.6 (dt, J = 15.5, 2.8 Hz, Ar), 108.3 (d, JCF = 
20.7 Hz, Ar), 35.1 (vt, JCP = 10.4 Hz, Cy), 30.4 (Cy), 28.0 (td, J = 5.4, 2.0 Hz, Cy), 26.9 
(Cy). 31P{1H} NMR (243 MHz, CD2Cl2-d2) δ 27.0.
 19F{1H} NMR (565 MHz, CD2Cl2-d2) δ -
116.56 (s, Ar−F, 1F). HRMS-ESI (m/z): [M – CN]+ calcd for C42H70FP2Pd, 761.396607; 
found, 761.39314. 
[trans-(Me2EtSiNC)(PCy3)2Pd(Ph)][B(C6F5)4] (2.3). For the generation of 2.3, 2.7 
μL of benzonitrile was used. 1H NMR (600 MHz, 1:5 DFB:Toluene-d8) δ 7.13 (d, JHH = 7.5 
Hz, ArH, 2H), other aromatic resonances obscured, 1.71 (m, Cy, 30H), 1.61 (d, J = 13.5 Hz, 
Cy, 6H), 1.37 (q, J = 12.6 Hz, Cy, 12H), 1.10 (qt, J = 13.1, 3.6 Hz, Cy, 6H), 0.97 – 0.88 (m, 
Cy + SiCH2CH3, 12H), 0.64 (q, JHH = 7.9 Hz, SiCH2CH3, 2H), 0.24 (s, SiMe2, 6H). 
13C{1H} 
NMR (151 MHz, 1:5 DFB:Toluene-d8) δ 165.3 (t, JCP = 15.0 Hz, CNSi), 154.3 (t, JCP = 3.9 
Hz, ipso Ar), other aromatic resonances obscured, 35.5 (vt, JCP = 10.4 Hz, Cy), 30.7 (Cy), 
27.8 (vt, JCP = 5.5 Hz, Cy), 26.6 (Cy), 7.3 (SiCH2CH3), 6.1 (SiCH2CH3), -3.0 (SiMe2). 
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31P{1H} NMR (202 MHz, 1:5 DFB:Toluene-d8) δ 26.7. 
29Si from H,Si-HMBC (100 MHz, 
500 MHz, 1:5 DFB:Toluene-d8) δ 17.4.  
trans-(NC)(PCy3)2Pd(C6H5) (2.3’). Rf = 0.22 (10% ethyl acetate in hexanes), (15.3 
mg, 0.020 mmol, 76%), 1H NMR (400 MHz, CD2Cl2-d2) δ 7.31 (d, JHH = 7.3 Hz, ArH, 2H), 
6.91 (t, JHH = 7.3 Hz, ArH, 2H), 6.79 (t, JHH = 7.2 Hz, ArH, 1H), 1.98 – 1.88 (m, Cy, 18H), 
1.73 (d, J = 12.8 Hz, Cy, 12H), 1.64 (d, J = 15.2 Hz, Cy, 6H), 1.54 (q, J = 11.9 Hz, Cy, 12H), 
1.20 (qt, J = 13.6, 3.8, Cy, 6H), 1.07 (q, J = 12.6, Cy, 12H). 13C{1H} NMR (151 MHz, 
CD2Cl2-d2) δ 160.0 (t, JCP = 5.7 Hz, ipso Ar), 140.9 (t, JCP = 17.1 Hz, CN), 139.0 (t, JCP = 2.6 
Hz, Ar), 126.9 (Ar), 121.8 (Ar), 35.0 (vt, JCP = 10.2 Hz, Cy), 30.4 (Cy), 28.0 (vt, JCP = 5.4 
Hz, Cy), 26.9 (Cy). 31P{1H} NMR (162 MHz, CD2Cl2-d2) δ 26.6. HRMS-ESI (m/z): [M – 
CN]+ calcd for C42H71P2Pd, 743.406032; found, 743.40308. 
[trans-(NC)(PCy3)2Pd(H)][B(C6F5)4] (2.4). For the generation of 2.4, 2.3 μL of 
isobutyronitrile was used. 1H NMR (600 MHz, 1:5 DFB:Toluene-d8) δ 1.85 (t, J = 12.2 Hz, 
Cy, 6H), 1.78 (d, J = 12.7 Hz, Cy, 12H), 1.71 (d, J = 12.6 Hz, Cy, 12H), 1.64 (d, J = 12.2 Hz, 
Cy, 6H), 1.29 (qd, J = 13.9, 13.0, 7.5 Hz, Cy, 12H), 1.13 (m, Cy, 18H), 0.88 (t, JHH = 7.9 Hz, 
SiCH2CH3, 3H), 0.58 (q, JHH = 7.9 Hz, SiCH2CH3, 2H), 0.18 (s, SiMe3, 6H), -9.17 (t, JHP = 
8.8 Hz, Pd−H, 1H). 13C{1H} NMR (151 MHz, 1:5 DFB:Toluene-d8) δ 167.8 (t, JCP = 11.1 
Hz, CNSi), 36.2 (vt, JCP = 11.2 Hz, Cy), 30.9 (Cy), 27.5 (vt, JCP = 5.7 Hz, Cy), 26.5 (Cy), 7.4 
(SiCH2CH3), 6.0 (SiCH2CH3), -3.0 (SiMe2). 
31P{1H} NMR (202 MHz, 1:5 DFB:Toluene-d8) 
δ 49.1. 29Si from H,Si-HMBC (100 MHz, 500 MHz, 1:5 DFB:Toluene-d8) δ 16.8.  
[(PCy3)2Pd{C=(NSiMe2Et)CH3}][B(C6F5)4] (2.5). For the generation of 2.5, 1.4 μL 
of acetonitrile was used. 1H NMR (600 MHz, 1:5 DFB:Toluene-d8) δ 2.31 (t, JHP = 2.3 Hz, 
C=(NSi)CH3, 3H), 1.84 (t, J = 11.6 Hz, Cy, 6H), 1.78 (d, J = 11.8 Hz, Cy, 12H), 1.72 (d, J = 
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11.8 Hz, Cy, 12H), 1.64 (d, J = 12.2 Hz, Cy, 6H), 1.34 (q, J = 12.4 Hz, Cy, 12H), 1.13 (m, 
Cy, 18H), 0.80 (t, JHH = 7.9 Hz, SiCH2CH3, 3H), 0.60 (d, JHH = 7.9 Hz, SiCH2CH3, 2H), 0.18 
(s, SiMe2, 6H).
 13C{1H}, 13C-DEPT135, H,C-HMBC NMR (101 MHz, 1:5 DFB:Toluene-d8, 
0 °C) δ 176.7 (C=N), 35.0 (d, JHP = 15.3 Hz, Cy), 30.9 (Cy), 27.7 (d, JHP = 10.0 Hz, Cy), 
26.4 (Cy), 20.7 (t, JCP = 16.9 Hz, C=(N)CH3), 7.9 (SiCH2CH3), 6.3 (SiCH2CH3), -2.3 
(SiMe2). 
31P{1H} NMR (202 MHz, 1:5 DFB:Toluene-d8) δ 37.4. 
29Si from H,Si-HMBC (100 
MHz, 500 MHz, 1:5 DFB:Toluene-d8) δ 13.2.  
Procedure for the Generation of Silylnitrilium Salts. Triethylsilane (4.6 μL, 0.029 
mmol) or ethyldimethylsilane (3.8 μL, 0.029 mmol) was added to a room temperature 
solution of [Ph3C][B(C6F5)4] (24 mg, 0.026 mmol) and diphenyl ether (4.1 μL, 0.026 mmol) 
in 100 μL of DFB and 500 μL of toluene-d8. The orange solution quickly turned nearly 
colorless, indicative of silyloxonium ion generation. Nitrile (0.026 mmol) was then added to 
the in situ generated silyloxonium ion to produce the silylnitrilium ion.  
[((CH3)2CH)3SiNCCH3][B(C6F5)4] (2.15).
 
1H NMR (500 MHz, 1:5 DFB:Toluene-
d8) δ 1.51 (s, NCMe, 3H), 0.87 (m, CH(CH3)2, 3H), 0.76 (d, JHH = 7.2 Hz, CH(CH3)2, 18H).
 
29Si from H,Si-HMBC (80 MHz, 400 MHz, 1:5 DFB:Toluene-d8) δ 38.8. 
[EtMe2SiNC(3,5-(CF3)2-C6H3)][B(C6F5)4] (2.17). 1H NMR (400 MHz, 1:5 
DFB:Toluene-d8) δ 7.95 (s, ArH, 1H), 7.81 (s, ArH, 2H), other aromatic resonances 
obscured, 0.83 (t, JHH = 7.8 Hz, SiCH2CH3, 3H), 0.66 (qd, J = 7.3, 1.4 Hz, SiCH2CH3, 2H), 
0.28 (s, SiMe2, 6H).
 29Si from H,Si-HMBC (80 MHz, 400 MHz, 1:5 DFB:Toluene-d8) δ 44.4.  
[Et3SiNC(3,5-(CF3)2-C6H3)][B(C6F5)4] (2.17b).
 
1H NMR (400 MHz, 1:5 
DFB:Toluene-d8) δ 7.97 (s, ArH, 1H), 7.89 (s, ArH, 2H), 0.85 (t, JHH = 7.7 Hz, SiCH2CH3, 
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9H), 0.70 (qd, J = 7.3, 1.6 Hz, SiCH2CH3, 6H).
 29Si from H,Si-HMBC (80 MHz, 400 MHz, 
1:5 DFB:Toluene-d8) δ 45.8.  
[EtMe2SiNC(3-F3-C6H4)][B(C6F5)4] (2.18). 1H NMR (400 MHz, 1:5 DFB:Toluene-
d8) δ Aromatic resonances obscured, 0.78 (t, JHH = 7.9 Hz, SiCH2CH3, 3H), 0.57 (q, JHH = 
7.8 Hz, SiCH2CH3, 2H), 0.19 (s, SiMe2, 6H).
 29Si from H,Si-HMBC (80 MHz, 400 MHz, 1:5 
DFB:Toluene-d8) δ 40.1.  
[EtMe2SiNC(C6H5)][B(C6F5)4] (2.19). 1H NMR (400 MHz, 1:5 DFB:Toluene-d8) δ 
Aromatic resonances obscured, 0.77 (t, JHH = 7.9 Hz, SiCH2CH3, 3H), 0.54 (q, J HH= 8.1 Hz, 
SiCH2CH3, 2H), 0.16 (s, SiMe2 6H).
 29Si from H,Si-HMBC (80 MHz, 400 MHz, 1:5 
DFB:Toluene-d8) δ 37.9.  
[EtMe2SiNCCH(CH3)2][B(C6F5)4] (2.20).
 
1H NMR (400 MHz, 1:5 DFB:Toluene-d8) 
δ 2.29 (hept, JHH = 7.1 Hz CH(CH3)2, 1H), 0.80 (d, JHH = 7.1 Hz, CH(CH3)2, 6H), 0.67 (t, JHH 
= 7.9 Hz, SiCH2CH3, 3H), 0.42 (q, JHH = 7.8 Hz, SiCH2CH3, 2H), 0.04 (s, SiMe2, 6H).
 29Si 
from H,Si-HMBC (80 MHz, 400 MHz, 1:5 DFB:Toluene-d8) δ 37.9.  
[EtMe2SiNCCH3][B(C6F5)4] (2.21).
 
1H NMR (400 MHz, 1:5 DFB:Toluene-d8) δ 
1.36 (s, NCMe, 3H), 0.67 (t, JHH = 7.9 Hz, SiCH2CH3, 3H), 0.41 (q, JHH = 8.0 Hz, 
SiCH2CH3, 2H), 0.03 (s, SiMe2, 6H).
 29Si from H,Si-HMBC (80 MHz, 400 MHz, 1:5 
DFB:Toluene-d8) δ 39.7.  
General Procedure for Method b. A solution of in situ prepared 
ethyldimethylsilylnitrilium ion (0.026 mmol) in 100 μL DFB and 200 μL toluene-d8 was 
added to a J. Young NMR tube and frozen in a liquid nitrogen cooled cold well before adding 
a solution of Pd(PCy3)2 (17.3 mg, 0.0260 mmol) in 300 μL toluene-d8. The reaction mixture 
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was warmed to and mixed at -78 °C before placing into the probe of a spectrometer pre-
cooled to -30 °C.  
[trans-(iPr3SiCN)(PCy3)2PdMe][B(C6F5)4] (2.16).
 
1H NMR (500 MHz, 1:5 
DFB:Toluene-d8) δ 2.09 (m, partially obscured by solvent, Cy, 6H), 1.78 (m, Cy, 12H), 1.72 
(d, J = 7.8 Hz, Cy 12H), 1.66 (m, 6H), 1.40 (q, J = 11.0 Hz, 12H), 1.18 – 1.07 (m, Cy + 
CH(CH3)3, 21H), 1.00 (d, JHH = 7.2 Hz, CH(CH3)2 18H), 0.30 (t, JHP = 5.8 Hz, Pd−Me, 3H). 
13C{1H} NMR (151 MHz, 1:5 DFB:Toluene-d8) δ 166.8 (t, JCP = 13.6 Hz, CNSi), 34.5 (t, JCP 
= 9.0 Hz, Cy), 30.8 (Cy), 27.7 (t, JCP = 5.4 Hz, Cy), 26.6 (Cy), 17.4 (
iPr), 12.48 (iPr), -1.0 (t, 
JCP = 3.3 Hz, Pd−Me). 
31P{1H} NMR (202 MHz, Toluene-d8) δ 32.5. 
trans-[(MeCN)(PCy3)2PdMe][B(C6F5)4] (2.6). In a glovebox, PCy3 (44.9 mg, 0.16 
mmol) and (COD)PdMeCl (21.2 mg, 0.0800 mmol) were combined in 600 μL of 
dichloromethane. Outside the glovebox, the solvent was evacuated, the resulting white 
powder washed with hexanes (3 x 3 mL), and the solid product dried in vacuo. The isolated 
(PCy3)2PdMeCl was used without any further purification or characterization (20.0 mg, 
0.0279 mmol, 35%). In a glovebox, acetonitrile (0.7 μL, 0.013 mmol) was added to a 
solution of (PCy3)2PdMeCl (9.7 mg, 0.013 mmol) in 600 μL dichloromethane. The resulting 
reaction mixture was transferred to solid Na[B(C6F5)4] (9.5 mg, 0.013 mmol). After mixing, 
the mixture was filtered through a 0.2 μm PTFE syringe filter and the solvent was evacuated 
to isolate the product as a beige film (18.1 mg, 0.0129 mmol, 99%). 1H NMR (600 MHz, 1:5 
DFB:Tol-d8) δ 1.90 (t, JPH = 12.2 Hz, 6H), 1.72 (s, 24H), 1.65 (d, JPH = 12.0 Hz, 6H), 1.52 (s, 
0H), 1.38 (q, JPH = 11.9 Hz, 12H), 1.10 (m, 18H), 0.31 (t, JPH = 5.6 Hz, Pd−CH3, 3H). 
13C{1H} NMR (151 MHz, 1:5 DFB:Tol-d8) δ 33.0 (t, JPC = 9.6 Hz), 30.42, 28.1 (t, JPC = 5.3 
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Hz), 26.7, 1.40, -5.5 (t, JPC = 3.4 Hz, Pd−CH3). 
31P{1} NMR (243 MHz, 1:5 DFB:Tol-d8) δ 
27.8. 
trans-[(PhCN)(PCy3)2PdMe][B(C6F5)4] (2.9). In a glovebox, benzonitrile (1.4 μL, 
0.014 mmol) was added to a solution of (PCy3)2PdMeCl (10.3 mg, 0.014 mmol) in 600 μL 
dichloromethane. The resulting reaction mixture was transferred to solid Na[B(C6F5)4] (10.1 
mg, 0.014 mmol). After mixing, the mixture was filtered through a 0.2 μm PTFE syringe 
filter and the solvent was evacuated to isolate the product as a beige film (20.4 mg, 0.0132, 
95%). 1H NMR (600 MHz, 1:5 DFB:Toluene-d8) δ 7.44 (d, JHH = 7.6 Hz, ArH, 2H), 7.14 (t, 
JHH = 7.7 Hz, ArH, 1H), 7.03 (t, JHH = 7.8 Hz, ArH, 2H), 2.01 (t, J = 12.2 Hz, Cy, 6H), 1.81 
(d, J = 12.7 Hz, Cy, 12H), 1.72 (d, J = 12.7 Hz, Cy, 12H), 1.61 (d, J = 11.9 Hz, Cy, 6H), 1.46 
(q, J = 12.5 Hz, Cy, 12H), 1.10 (m, Cy, 18H), 0.42 (t, JHP = 5.6 Hz, Pd−Me, 3H). 
13C{1H} 
NMR (150 MHz, 1:5 DFB:Toluene-d8) δ Aromatic resonances obscured, 33.1 (vt, JCP = 9.6 
Hz, Cy), 30.5 (Cy), 28.0 (vt, JCP = 5.4 Hz), 26.7 (Cy), -4.9 (t, JCP = 3.4 Hz, Pd−Me). 
31P{1H} 
NMR (243 MHz, 1:5 DFB:Toluene-d8) δ 28.1. 
General Procedure for Silylium Transfer Between Hexyl Methyl Ether and 
Nitrile. To a solution of in situ generated and room temperature ethyldimethylsilylnitrilium 
(0.026 mmol), was added hexyl methyl ether (3.9 μL, 0.026 mmol). 
[(Hexyl)(methyl)(ethyldimethylsilyloxonium)][B(C6F5)4] (2.22). 
Ethyldimethylsilane (4.1 μL, 0.031 mmol) was added to a room temperature solution of 
[Ph3C][B(C6F5)4] (24 mg, 0.026 mmol) and diphenyl ether (4.1 μL, 0.026 mmol) in 100 μL 
DFB and 500 μL toluene-d8. The solution changed color from bright orange to colorless, 
indicative of silyloxonium ion generation. Hexyl methyl ether (3.9 μL, 0.026 mmol) was 
added to the solution of in situ generated diphenylsilyloxonium ion to produce the product. 
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1H NMR (600 MHz, 1:5 DFB:Toluene-d8) δ 3.52 (m, 2H), 3.08 (s, 3H), 1.23 (p, JHH = 7.7 
Hz, 2H), 1.16 (m, 2H), 1.03 (m, 2H), 0.85 (m, 5H), 0.60 (t, JHH = 8.0 Hz, SiCH2CH3, 3H), 
0.32 (q, JHH = 8.0 Hz, SiCH2CH3, 2H), -0.06 (s, SiMe2, 6H).
 13C{1H} NMR (151 MHz, 1:5 
DFB:Toluene-d8) δ 84.1 (OCH2), 63.5 (OMe), 31.3, 26.6, 24.1, 22.7, 13.8, 6.3 (SiCH2CH3), 
5.0 (SiCH2CH3), -4.3 (SiMe2).




2.4.3. NMR Spectra for the Synthesized Compounds 
 
Figure 2.47. 600 MHz 1H NMR spectrum of 2.1 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
 
Figure 2.48. 151 MHz 13C{1H} NMR spectrum of 2.1 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
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Figure 2.49. 202 MHz 31P{1H} NMR spectrum of 2.1 at room temperature. Solvent 1:5 DFB:Tol-d8. 
 
Figure 2.50. 565 MHz 19F{1H} NMR spectrum of 2.1 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
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Figure 2.51. (500 MHz, 202 MHz) 1H,31P-HMBC NMR spectrum of 2.1 at room temperature. Solvent: 1:5 
DFB:Tol-d8.  
 




Figure 2.53. 400 MHz 1H NMR spectrum of 2.1’ at room temperature. Solvent: CD2Cl2. 
 
Figure 2.54. 151 MHz 13C{1H} NMR spectrum of 2.1’ at room temperature. Solvent: CD2Cl2. 
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Figure 2.55. 162 MHz 31P{1H} NMR spectrum of 2.1’ at room temperature. Solvent: CD2Cl2. 
 
Figure 2.56. 565 MHz 19F{1H} NMR spectrum of 2.1’ at room temperature. Solvent: CD2Cl2. 
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Figure 2.57. (400 MHz, 162 MHz) 1H,31P-HMBC NMR spectrum of 2.1’ at room temperature. Solvent: CD2Cl2. 
 
 
Figure 2.58. 600 MHz 1H NMR spectrum of 2.2 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
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Figure 2.59. 151 MHz 13C{1H} NMR spectrum of 2.2 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
 
Figure 2.60. 202 MHz 31P{1H} NMR spectrum of 2.2 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
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Figure 2.61. 565 MHz 19F{1H} NMR spectrum of 2.2 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
 
 




Figure 2.63. (500 MHz, 99 MHz) 1H,29Si-HMBC NMR spectrum of 2.2 at room temperature. Solvent: 1:5 
DFB:Tol-d8.  
 
Figure 2.64. 400 MHz 1H NMR spectrum of 2.2’ at room temperature. Solvent: CD2Cl2. 
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Figure 2.65. 151 MHz 13C{1H} NMR spectrum of 2.2’ at room temperature. Solvent: CD2Cl2. 
 
 
Figure 2.66. 242 MHz 31P{1H} NMR spectrum of 2.2’ at room temperature. Solvent: CD2Cl2. 
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Figure 2.67. 565 MHz 19F{1H} NMR spectrum of 2.2’ at room temperature. Solvent: CD2Cl2. 
 
 
Figure 2.68. (400 MHz, 162 MHz) 1H,31P-HMBC NMR spectrum of 2.2’ at room temperature. Solvent CD2Cl2. 
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Figure 2.69. 600 MHz 1H NMR spectrum of 2.3 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
 
 
Figure 2.70. 151 MHz 13C{1H} NMR spectrum of 2.3 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
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Figure 2.71. 202 MHz 31P{1H} NMR spectrum of 2.3 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
 
 




Figure 2.73. (500 MHz, 99 MHz) 1H,29Si-HMBC NMR spectrum for 2.3 at room temperature. Solvent: 1:5 
DFB:Tol-d8. 
 
Figure 2.74. 400 MHz 1H NMR spectrum of 2.3’ at room temperature. Solvent: CD2Cl2. 
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Figure 2.75. 151 MHz 13C{1H} NMR spectrum of 2.3’ at room temperature. Solvent: CD2Cl2. 
 
 
Figure 2.76. 162 MHz 31P{1H} NMR spectrum of 2.3’ at room temperature. Solvent: CD2Cl2. 
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Figure 2.77. (400 MHz, 162 MHz) 1H,31P-HMBC NMR spectrum of 2.3’ at room temperature. Solvent: CD2Cl2. 
 
 
Figure 2.78. 600 MHz 1H NMR spectrum of 2.4 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
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Figure 2.79. 151 MHz 13C{1H} NMR spectrum of 2.4 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
 
 
Figure 2.80. 202 MHz 31P{1H} NMR spectrum of 2.4 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
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Figure 2.83. 600 MHz 1H NMR spectrum of 2.5 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
 
 
Figure 2.84. 101 MHz 13C{1H} NMR spectrum of 2.5 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
210 
 
Figure 2.85. 101 MHz 13C{1H} NMR spectrum of 2.5 at 0 °C. Solvent: 1:5 DFB:Tol-d8. 
 
 
Figure 2.86. 202 MHz 31P{1H} NMR spectrum of 2.5 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
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Figure 2.87. (400 MHz, 162 MHz) 1H,31P-HMBC NMR spectrum of 2.5 at 0 °C. Solvent: 1:5 DFB:Tol-d8. 
 
 
Figure 2.88. (400 MHz, 101 MHz) 1H,13C-HMBC NMR spectrum of 2.5 at 0 °C. Solvent: 1:5 DFB:Tol-d8. 
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Figure 2.89. (400 MHz, 101 MHz) 1H,13C-HMBC NMR spectrum of 2.5 at 0 °C. Solvent: 1:5 DFB:Tol-d8. 
 
 




Figure 2.91. 600 MHz 1H NMR spectrum of 2.6 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
 
 
Figure 2.92. 151 MHz 13C{1H} NMR spectrum of 2.6 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
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Figure 2.93. 243 MHz 31P{1H} NMR spectrum of 2.6 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
 
 
Figure 2.94. 600 MHz 1H NMR spectrum of 2.9 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
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Figure 2.95. 151 MHz 13C{1H} NMR spectrum of 2.9 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
 
 
Figure 2.96. 242 MHz 31P{1H} NMR spectrum of 2.9 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
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Figure 2.98. 500 MHz 1H NMR spectrum of 2.15 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
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Figure 2.100. 500 MHz 1H NMR spectrum of 2.16 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
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Figure 2.101. 151 MHz 13C{1H} NMR spectrum of 2.16 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
 
 
Figure 2.102. 202 MHz 31P{1H} NMR spectrum of 2.16 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
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Figure 2.104. 400 MHz 1H NMR spectrum of 2.17 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
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Figure 2.106. 400 MHz 1H NMR spectrum of 2.17b at room temperature. Solvent: 1:5 DFB:Tol-d8.  
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Figure 2.108. 400 MHz 1H NMR spectrum of 2.18 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
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Figure 2.110. 400 MHz 1H NMR spectrum of 2.19 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
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Figure 2.112. 400 MHz 1H NMR spectrum of 2.20 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
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Figure 2.114. 400 MHz 1H NMR spectrum of 2.21 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
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Figure 2.116. 600 MHz 1H NMR spectrum of 2.22 at room temperature. Solvent: 1:5 DFB:Tol-d8.  
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Figure 2.117. 151 MHz 13C{1H} NMR spectrum of 2.22 at room temperature. Solvent: 1:5 DFB:Tol-d8. 
 
 




Figure 2.119. 400 MHz 1H NMR spectrum of 2.7 at 0 °C. Solvent: 1:5 DFB:Tol-d8.  
 
 
Figure 2.120. 101 MHz 13C{1H} NMR spectrum of 2.7 at 0 °C. Solvent: 1:5 DFB:Tol-d8. 
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Figure 2.121. 162 MHz 31P{1H} NMR spectrum of 2.7 at 0 °C. Solvent: 1:5 DFB:Tol-d8. 
 
 
Figure 2.122. (400 MHz, 162 MHz) 1H,31P-HMBC NMR spectrum of 2.7 at 0 °C. Solvent: 1:5 DFB:Tol-d8. 
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Figure 2.123. (400 MHz, 80 MHz) 1H,29Si-HMBC NMR spectrum of 2.7 at 0 °C. Solvent: 1:5 DFB:Tol-d8. 
 
 
Figure 2.124. 400 MHz 1H NMR spectrum of 2.8 at 0 °C. Solvent: 1:5 DFB:Tol-d8.  
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Figure 2.125. 101 MHz 13C{1H} NMR spectrum of 2.8 at 0 °C. Solvent: 1:5 DFB:Tol-d8. 
 
 
Figure 2.126. 162 MHz 31P{1H} NMR spectrum of 2.8 at 0 °C. Solvent: 1:5 DFB:Tol-d8. 
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Figure 2.127. (400 MHz, 162 MHz) 1H,31P-HMBC NMR spectrum of 2.8 at 0 °C. Solvent: 1:5 DFB:Tol-d8.  
 
 
Figure 2.128. (400 MHz, 80 MHz) 1H,29Si-HMBC NMR spectrum of 2.8 at 0 °C. Solvent: 1:5 DFB-Tol-d8.  
Overlappi
ng Tol-d8, DFB, Ph2O, 




2.4.4. HRMS Spectra 
 
Figure 2.129. HESI HRMS for 2.1’, highlighting the [2.1’-CN]+ ion. 
 
Figure 2.130. HESI HRMS for 2.2’, highlighting the [2.2’-CN]+ ion. 
 
Figure 2.131. HESI HRMS for 2.3’, highlighting the [2.3’-CN]+ ion.  
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2.4.5. X-Ray Diffraction Experimental Data 
Table 2.2. Structure solution and refinement details for 2.1’. 
Formula C45H69F6NP2Pd 
Formula Weight 906.384 
Crystal Color, shape, size colorless block, .089 x 0.140 x 0.162 mm3 
Crystal Class monoclinic 
Space Group P-1 
Unit Cell Dimensions 
a = 10.1520(2) Å α = 81.7958(8)° 
b = 14.1529(3) Å β = 78.8927(7)° 
c = 16.4825(3)Å γ = 73.4993(7)° 
Volume 2218.38(8) Å³ 
Z 2 
Density (calculated) 1.3568 mg/m3 
Absorption Coefficient 4.527 mm-1 
F(000) 952 
Diffractometer Bruker Apex Kappa Duo, Bruker 
Wavelength 1.54187 Å (Cu Kα) 
Theta range for data 
collection 
4.07 – 70.13° 
Index Ranges 
h = -12 → 12 
k = -17 → 17 
l = -20 → 20 
Reflections measured 56525 
Independent reflections 8198 [Rint = 0.02575] 
Observed Reflections 9815 
Completeness to theta 99.40% 
Absorption Correction Multi-scan 
Transmission range 0.626 to 0.77 
Solution Direct Methods 
Refinement Method Full-matrix, least-squares on F2 
Weighting Scheme 
w = 1/[σ²(Fobs²) + ( 0.018 × P)² + 2.860 × P + 0.000 + 0.000 × sinθ], 
P = 0.333 × max(Fobs²,0) + 0.667 × Fcalc² 
Data/Restraints/Parameters 8198 / 62 / 524 
GooF on F2 1.1088 
Final R values 
[I>2sigma(I)] R1 = 0.0250, wR2 = .0594 
R indices (all data) R1 = 0.0258, wR2 = .0598 
Largest diff. peak and hole 0.67 and -0.61 e Å-3 
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Table 2.3. Structure solution and refinement details for 2.2’. 
Formula C44H72Cl2FNP2Pd 
Formula Weight 873.312 
Crystal Color, shape, size colorless block fragment, .114 x 0.116 x 0.260 mm3 
Crystal Class monoclinic 
Space Group P21 
Unit Cell Dimensions 
a = 13.8879(4)Å α = 90° 
b = 9.6481(3) Å β = 90.6730(10)° 
c = 16.7362(5) Å γ = 90° 
Volume 2242.36(12) Å³ 
Z 2 
Density (calculated) 1.293 mg/m3 
Absorption Coefficient 5.362 mm-1 
F(000) 924 
Diffractometer Bruker Apex Kappa Duo, Bruker 
Wavelength 1.54187 Å (Cu Kα) 
Theta range for data 
collection 
3.1824 – 72.3234° 
Index Ranges 
h = -15 → 17 
k = -11 → 11 
l = -18 → 20 
Reflections measured 16540 
Independent reflections 7476 [Rint = 0.0346] 
Observed Reflections 9871 
Completeness to theta 98.90% 
Absorption Correction Multi-scan 
Transmission range 0.5369 to 0.54268 
Solution Charge Flipping 
Refinement Method Full-matrix, least-squares on F2 
Weighting Scheme 
w = 1/[σ²(Fobs²) + ( 0.080 × P)² + 34.435 × P + 0.000 + 0.000 × sinθ], 
P = 0.333 × max(Fobs²,0) + 0.667 × Fcalc² 
Data/Restraints/Parameters 7441 / 74 / 470 
GooF on F2 1.0148 
Final R values 
[I>2sigma(I)] R1 = 0.0794, wR2 = .2137 
R indices (all data) R1 = 0.0803, wR2 = .2144 
Largest diff. peak and hole 3.69 and -2.96 e Å-3 
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Table 2.4. Structure solution and refinement details for 2.3’. 
Formula C44H73Cl2NP2Pd 
Formula Weight 855.322 
Crystal Color, shape, size colorless block fragment, .174 x 0.238 x 0.308 mm3 
Crystal Class monoclinic 
Space Group P21 
Unit Cell Dimensions 
a = 13.8186(3) Å α = 90° 
b = 9.6668(2) Å β = 90.0336(9)° 
c = 16.5824(3) Å γ = 90° 
Volume 2215.10(8) Å³ 
Z 2 
Density (calculated) 1.282 mg/m3 
Absorption Coefficient 5.383 mm-1 
F(000) 908 
Diffractometer Bruker Apex Kappa Duo, Bruker 
Wavelength 1.54187 Å (Cu Kα) 
Theta range for data 
collection 
4.1633 – 72.3981° 
Index Ranges 
h = -17 → 17 
k = -11 → 11 
l = -20 → 18 
Reflections measured 18599 
Independent reflections 7177 [Rint = 0.0222] 
Observed Reflections 9914 
Completeness to theta 97.10% 
Absorption Correction Multi-scan 
Transmission range 0.27773 to 0.39196 
Solution Direct Methods 
Refinement Method Full-matrix, least-squares on F2 
Weighting Scheme 
w =1/[σ²(Fobs²) + ( 0.039 × P)² + 24.920 × P + 0.000 + 0.000 × sinθ], 
P = 0.333 × max(Fobs²,0) + 0.667 × Fcalc² 
Data/Restraints/Parameters 7154 / 398 / 451 
GooF on F2 1.0937 
Final R values 
[I>2sigma(I)] R1 = 0.0683, wR2 = .1702 
R indices (all data) R1 = 0.0685, wR2 = .1703 




Figure 2.132. Graphics with numbering for key atoms for 2.1’. The carbons on the cyclohexyl phosphine 
ligands are numbered C10-C27 for P1, and C28-45 for P2. The graphic omits the second palladium complex 




Figure 2.133. Graphics with numbering for key atoms for 2.2’. The carbons on the cyclohexyl phosphine 
ligands are numbered C8-C25 for P1, and C26-43 for P2. The graphic omits the second palladium complex and 




Figure 2.134. Graphics with numbering for key atoms for the 2.3’. The carbons on the cyclohexyl phosphine 
ligands are numbered C8-C25 for P1, and C26-43 for P2. The graphic omits the second palladium complex and 
the solvent molecules also found in the unit cell, as well as hydrogen atoms. 
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2.4.6. Computational Details 
All DFT calculations were carried out in the gas phase with the B3LYP functional 
using the Gaussian 09 program in the absence of the B(C6F5)4
− counteranion.113 Ground state 
geometry optimizations were performed with the LANL2DZ basis set for the Pd atom and 6-
31G(d,p) for the other atoms. Vibrational frequencies were calculated analytically at the 
same level of theory to confirm the nature of structures and to calculate the Gibbs free (∆G) 
energy corrections. Interaction energies were calculated using the same level of theory, with 
the two counterpoise fragments assigned as the singly charged silylium moiety and the 
corresponding neutral palladium complex. The relative intrinsic silylicity (Π) is defined 
similarly to that reported by Djukic and is the ratio of the interfragment interaction energy of 
triflate with the silylium group, to the interaction energy of the neutral metal complex with 
the same silylium moiety.82 
Table 2.5. Calculated single point energy, virtual frequencies, and interaction energies 











1.3 -2668.60386 0 -97.69 
2.5 -2801.33816 0 -107.15 
2.7 -3092.27988 0 -115.53 
2.8 -2993.04202 0 -117.18 
2.11 -3667.10043 0 -109.35 
2.12 -2879.92629 0 -115.7 




Figure 2.135. The ground state optimized geometry in the gas phase for 1.3 at the B3LYP level using split 
triple-zeta basis sets. 
 
Figure 2.136. The ground state optimized geometry in the gas phase for 2.5 at the B3LYP level using split 
triple-zeta basis sets. 
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Figure 2.137. The ground state optimized geometry in the gas phase for 2.7 at the B3LYP level using split 
triple-zeta basis sets. 
 
Figure 2.138. The ground state optimized geometry in the gas phase for 2.8 at the B3LYP level using split 
triple-zeta basis sets. 
242 
 
Figure 2.139. The ground state optimized geometry in the gas phase for 2.11 at the B3LYP level using split 
triple-zeta basis sets. 
 
Figure 2.140. The ground state optimized geometry in the gas phase for 2.12 at the B3LYP level using split 
triple-zeta basis sets. 
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2.4.7. Cartesian Coordinates for DFT Optimized Geometries 
[(PCy3)2Pd−SiMe2Et]+ (1.3) 
Pd -0.0993 0.0421 -0.3375 
P 2.1853 -0.1835 0.4193 
P -2.5525 -0.1093 -0.1674 
C -3.0175 -1.9234 -0.3894 
C -2.0565 -2.8336 0.4099 
C -4.4863 -2.3529 -0.1706 
H -2.7897 -2.0811 -1.4541 
C -2.2681 -4.3186 0.0687 
H -2.2193 -2.6867 1.4865 
H -1.0164 -2.5494 0.2016 
C -4.6805 -3.8402 -0.5214 
H -4.7768 -2.191 0.8726 
H -5.1625 -1.7483 -0.78 
C -3.7284 -4.7443 0.2718 
H -1.5996 -4.9345 0.6813 
H -1.9806 -4.4901 -0.978 
H -5.7224 -4.1232 -0.3346 
H -4.5075 -3.9832 -1.5973 
H -3.8622 -5.7902 -0.025 
H -3.9787 -4.689 1.3405 
C -2.6226 0.3576 1.6657 
C -2.3925 1.881 1.8308 
C -3.8065 -0.1381 2.5283 
H -1.7243 -0.139 2.0654 
C -2.2404 2.2763 3.3091 
H -3.2384 2.4336 1.4047 
H -1.5033 2.1883 1.266 
C -3.6359 0.2845 3.9998 
H -4.7514 0.26 2.1454 
H -3.8805 -1.2277 2.4768 
C -3.4327 1.7976 4.1477 
H -2.1265 3.3635 3.3856 
H -1.3151 1.837 3.7091 
H -4.5106 -0.0438 4.5722 
H -2.7707 -0.2412 4.428 
H -3.2848 2.0589 5.2012 
H -4.3412 2.3228 3.8216 
C -3.816 0.935 -1.109 
C -4.0387 0.3935 -2.5426 
C -5.1781 1.2074 -0.4265 
H -3.3039 1.9031 -1.1962 
C -4.9004 1.3542 -3.3807 
H -4.5441 -0.5783 -2.4929 
H -3.0842 0.2206 -3.0469 
C -6.036 2.1655 -1.2745 
H -5.7231 0.2681 -0.2802 
H -5.0346 1.6451 0.5638 
C -6.2446 1.6441 -2.7013 
H -5.0567 0.9258 -4.3771 
H -4.3549 2.2968 -3.5283 
H -7 2.3211 -0.7774 
H -5.5446 3.1478 -1.3135 
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H -6.8193 2.3675 -3.2897 
H -6.8424 0.7226 -2.6697 
C 1.8733 -0.1226 2.2883 
C 1.0685 -1.3636 2.746 
C 3.0748 0.1272 3.2298 
H 1.2093 0.7492 2.3864 
C 0.626 -1.2464 4.2142 
H 1.6843 -2.2644 2.6353 
H 0.1919 -1.5144 2.1027 
C 2.6144 0.2367 4.6955 
H 3.8035 -0.6856 3.1402 
H 3.594 1.047 2.9505 
C 1.8203 -0.9963 5.1441 
H 0.0927 -2.1576 4.509 
H -0.0893 -0.4176 4.3129 
H 3.4893 0.3846 5.3382 
H 1.9897 1.1337 4.8105 
H 1.4767 -0.8723 6.1767 
H 2.477 -1.8772 5.1378 
C 2.8741 -1.8915 0.0096 
C 3.1945 -2.0201 -1.4966 
C 4.0389 -2.4385 0.868 
H 2.0003 -2.5307 0.2034 
C 3.5577 -3.4658 -1.878 
H 4.0348 -1.3604 -1.7529 
H 2.3357 -1.6903 -2.0894 
C 4.3821 -3.8869 0.4724 
H 4.9289 -1.8136 0.7411 
H 3.7843 -2.4081 1.9303 
C 4.7075 -4.0098 -1.0211 
H 3.8167 -3.5076 -2.942 
H 2.6724 -4.1038 -1.7464 
H 5.2243 -4.2368 1.0797 
H 3.5313 -4.5392 0.715 
H 4.9126 -5.054 -1.2809 
H 5.6255 -3.4475 -1.2422 
C 3.4118 1.1648 -0.0359 
C 2.8775 2.5398 0.4336 
C 4.9021 0.9755 0.3301 
H 3.3609 1.1606 -1.1295 
C 3.7476 3.692 -0.0966 
H 2.8683 2.5816 1.5302 
H 1.839 2.6699 0.1061 
C 5.7476 2.1486 -0.2022 
H 5.0312 0.901 1.4144 
H 5.28 0.0426 -0.0975 
C 5.2228 3.506 0.2823 
H 3.3671 4.6443 0.2897 
H 3.6581 3.7414 -1.1912 
H 6.7906 2.0085 0.1031 
H 5.7403 2.1284 -1.301 
H 5.827 4.3172 -0.1381 
H 5.3296 3.5716 1.3742 
Si 0.162 0.6907 -2.6108 
C -0.8481 2.2747 -2.9165 
H -0.6585 2.5097 -3.9758 
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H -1.9182 2.0687 -2.8495 
C -0.4334 -0.7832 -3.6451 
H -0.4754 -0.4846 -4.7009 
H 0.2726 -1.6161 -3.5673 
C 1.9041 1.1053 -3.2315 
H 2.3044 2.024 -2.7959 
H 1.7992 1.2821 -4.3109 
C -0.4909 3.494 -2.0505 
H -0.7074 3.3082 -0.9928 
H 0.57 3.7535 -2.1278 
H -1.0613 4.3774 -2.3558 
H 2.6342 0.304 -3.1068 
H -1.4195 -1.1544 -3.3601 
 
[(PCy3)2Pd{C=(NSiMe2Et)Me}]+ (2.5) 
Pd 0.0749 0.3148 -2.651 
P 1.9711 -0.7261 -1.6298 
P -2.1111 -0.0621 -1.2792 
C -3.322 -0.1624 -2.7339 
C -3.1078 -1.4999 -3.4859 
C -4.8218 0.1367 -2.5106 
H -2.9361 0.6281 -3.3902 
C -3.9261 -1.5675 -4.786 
H -3.3999 -2.3415 -2.846 
H -2.0414 -1.6331 -3.7083 
C -5.6153 0.047 -3.8283 
H -5.2552 -0.5603 -1.7874 
H -4.944 1.1389 -2.0899 
C -5.4153 -1.3007 -4.5323 
H -3.7839 -2.5464 -5.2581 
H -3.5418 -0.8208 -5.4955 
H -6.6777 0.2208 -3.6234 
H -5.2957 0.855 -4.5022 
H -5.972 -1.3234 -5.4758 
H -5.8286 -2.1049 -3.9077 
C -2.4206 -1.577 -0.1752 
C -1.7192 -1.4177 1.1941 
C -3.8801 -2.0515 0.0231 
H -1.8965 -2.3769 -0.7186 
C -1.8032 -2.6997 2.0403 
H -2.1873 -0.5993 1.7541 
H -0.6722 -1.1344 1.0551 
C -3.9453 -3.3344 0.8726 
H -4.4687 -1.2681 0.5131 
H -4.3555 -2.2434 -0.941 
C -3.2532 -3.1607 2.2292 
H -1.3226 -2.5286 3.0105 
H -1.2341 -3.4991 1.5459 
H -4.9932 -3.6245 1.0091 
H -3.4652 -4.1562 0.3223 
H -3.2839 -4.0974 2.7966 
H -3.7986 -2.4163 2.826 
C -2.4907 1.467 -0.2369 
C -2.3171 2.7501 -1.0797 
C -3.7972 1.5328 0.5865 
H -1.6611 1.4486 0.4858 
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C -2.3663 4.014 -0.2045 
H -3.1175 2.8024 -1.8291 
H -1.3705 2.7122 -1.6328 
C -3.8317 2.7999 1.4619 
H -4.6655 1.5366 -0.0805 
H -3.8992 0.6523 1.226 
C -3.6529 4.0761 0.6295 
H -2.2763 4.905 -0.8373 
H -1.4961 4.0201 0.4668 
H -4.7763 2.8336 2.0164 
H -3.032 2.741 2.2138 
H -3.641 4.9567 1.2813 
H -4.5154 4.1964 -0.0411 
C 1.4279 -2.4344 -1.0481 
C 1.0622 -3.3032 -2.2777 
C 2.3154 -3.202 -0.0409 
H 0.4859 -2.2027 -0.535 
C 0.4535 -4.6529 -1.8631 
H 1.9581 -3.4953 -2.8812 
H 0.3629 -2.7548 -2.9206 
C 1.696 -4.562 0.3339 
H 3.3148 -3.3684 -0.453 
H 2.446 -2.6092 0.8687 
C 1.3734 -5.4139 -0.8998 
H 0.2509 -5.2517 -2.7583 
H -0.5174 -4.4807 -1.3771 
H 2.3809 -5.096 1.0021 
H 0.774 -4.3941 0.9071 
H 0.9087 -6.3585 -0.5967 
H 2.3058 -5.6782 -1.4182 
C 3.4663 -0.919 -2.7819 
C 4.201 0.4306 -2.9686 
C 4.492 -2.0408 -2.4906 
H 2.9916 -1.1759 -3.7379 
C 5.2648 0.353 -4.0772 
H 4.7034 0.7033 -2.034 
H 3.4879 1.2355 -3.1755 
C 5.5588 -2.1112 -3.6001 
H 4.9851 -1.8675 -1.5275 
H 3.9945 -3.0103 -2.4192 
C 6.2738 -0.77 -3.8034 
H 5.7777 1.3182 -4.1592 
H 4.7791 0.1736 -5.0464 
H 6.2815 -2.8978 -3.356 
H 5.0778 -2.4139 -4.5411 
H 6.9932 -0.8434 -4.6261 
H 6.8539 -0.5251 -2.9029 
C 2.583 0.3411 -0.1953 
C 1.4729 0.6603 0.8262 
C 3.8722 -0.0857 0.546 
H 2.8051 1.2804 -0.7222 
C 1.92 1.7494 1.8166 
H 1.2236 -0.2499 1.3874 
H 0.5641 0.9766 0.3049 
C 4.3234 1.0134 1.5265 
H 3.6927 -1.0088 1.1068 
247 
H 4.6827 -0.2996 -0.1543 
C 3.2213 1.3661 2.5337 
H 1.1216 1.9335 2.5449 
H 2.0674 2.6914 1.2698 
H 5.2285 0.6841 2.0491 
H 4.6016 1.9124 0.9585 
H 3.55 2.1819 3.1868 
H 3.0355 0.5008 3.1853 
C 0.6905 1.0278 -4.4199 
N -0.4319 1.5649 -4.4848 
Si -1.2832 2.6406 -5.6792 
C -0.0799 4.0259 -6.1061 
H 0.2348 4.5674 -5.2078 
H 0.8177 3.6655 -6.6177 
C -2.8083 3.3461 -4.8491 
H -3.528 2.5719 -4.5684 
H -2.5461 3.9126 -3.9509 
C -1.7055 1.5535 -7.1664 
H -0.7776 1.1234 -7.5662 
H -2.2992 0.7004 -6.8133 
C -2.4624 2.2896 -8.2909 
H -1.8812 3.1262 -8.6925 
H -2.6774 1.6145 -9.125 
H -3.42 2.6888 -7.9414 
C 1.8266 0.9671 -5.3914 
H 2.3045 -0.0123 -5.3742 
H 1.481 1.181 -6.4069 
H 2.5813 1.7096 -5.1161 
H -3.315 4.0338 -5.5353 
H -0.5659 4.7501 -6.7696 
 
[(PCy3)2Pd{C=(NSiMe2Et)(3-F-C6H4)}]+ (2.7) 
Pd 0.2648 0.016 -0.1103 
P 2.5245 -0.3479 0.7676 
P -2.1804 0.1728 -0.1591 
C -2.9759 -1.4921 -0.5409 
C -2.5137 -2.5585 0.4795 
C -4.5071 -1.5622 -0.7423 
H -2.5097 -1.7492 -1.5033 
C -2.9556 -3.9695 0.0561 
H -2.9388 -2.3345 1.4666 
H -1.4237 -2.5233 0.5937 
C -4.9407 -2.9799 -1.1606 
H -5.0245 -1.286 0.183 
H -4.8303 -0.8499 -1.5056 
C -4.4732 -4.0438 -0.1591 
H -2.6391 -4.6966 0.8129 
H -2.4418 -4.2415 -0.8768 
H -6.0307 -3.0089 -1.2692 
H -4.5234 -3.2053 -2.1521 
H -4.7589 -5.043 -0.5058 
H -4.9839 -3.8898 0.8018 
C -2.5337 0.6267 1.6408 
C -1.9912 2.0426 1.9519 
C -3.9616 0.4417 2.2036 
H -1.8894 -0.0855 2.1795 
248 
C -2.0524 2.3523 3.4569 
H -2.5819 2.7923 1.4101 
H -0.9595 2.1388 1.5895 
C -4.004 0.7625 3.7096 
H -4.6663 1.0932 1.6766 
H -4.3046 -0.5843 2.0459 
C -3.4704 2.1683 4.0139 
H -1.6983 3.3739 3.636 
H -1.3627 1.6834 3.9915 
H -5.0317 0.655 4.0741 
H -3.4026 0.0201 4.2533 
H -3.4805 2.3524 5.0938 
H -4.1373 2.9171 3.5642 
C -2.9273 1.4817 -1.2933 
C -2.8618 1.0267 -2.7716 
C -4.3311 2.0285 -0.9447 
H -2.2176 2.3141 -1.1809 
C -3.3008 2.1489 -3.7284 
H -3.5195 0.162 -2.9222 
H -1.8498 0.6975 -3.0259 
C -4.7553 3.1421 -1.92 
H -5.071 1.2212 -0.977 
H -4.3434 2.4245 0.0739 
C -4.6975 2.6788 -3.3805 
H -3.2742 1.7796 -4.7601 
H -2.5789 2.976 -3.6727 
H -5.7648 3.4824 -1.6636 
H -4.0925 4.009 -1.7875 
H -4.9699 3.5009 -4.0515 
H -5.4396 1.8847 -3.5428 
C 2.1652 -1.0268 2.4954 
C 1.5429 -2.4404 2.3994 
C 3.2762 -0.9804 3.5694 
H 1.3663 -0.3515 2.8396 
C 1.0342 -2.9287 3.766 
H 2.2917 -3.1501 2.0253 
H 0.7213 -2.4387 1.6727 
C 2.7518 -1.4825 4.928 
H 4.1289 -1.5946 3.2613 
H 3.6501 0.0399 3.6873 
C 2.1407 -2.8858 4.8281 
H 0.635 -3.9447 3.6669 
H 0.1967 -2.2931 4.0879 
H 3.5688 -1.4705 5.658 
H 1.9917 -0.7815 5.3015 
H 1.7453 -3.1977 5.801 
H 2.9257 -3.6084 4.5647 
C 3.6109 -1.5684 -0.1729 
C 4.1193 -0.9471 -1.4962 
C 4.7698 -2.2552 0.5856 
H 2.8919 -2.354 -0.4457 
C 4.8174 -1.999 -2.3753 
H 4.8317 -0.1425 -1.2742 
H 3.2944 -0.4905 -2.0508 
C 5.4689 -3.2987 -0.306 
H 5.5033 -1.5096 0.9124 
249 
H 4.4006 -2.7482 1.4885 
C 5.9627 -2.6915 -1.6252 
H 5.19 -1.5221 -3.289 
H 4.0796 -2.749 -2.6923 
H 6.3024 -3.7472 0.2462 
H 4.7649 -4.1145 -0.5227 
H 6.4147 -3.4667 -2.2536 
H 6.7551 -1.9593 -1.4156 
C 3.4404 1.2889 0.9294 
C 2.6216 2.2745 1.7963 
C 4.9266 1.278 1.3544 
H 3.4033 1.665 -0.1031 
C 3.2316 3.6866 1.7807 
H 2.5877 1.9148 2.8329 
H 1.5836 2.3092 1.4414 
C 5.517 2.7004 1.3324 
H 5.0315 0.8637 2.3625 
H 5.511 0.6355 0.6905 
C 4.7071 3.6706 2.2019 
H 2.6509 4.3438 2.438 
H 3.1481 4.1053 0.7678 
H 6.5602 2.6655 1.6661 
H 5.5353 3.0686 0.2967 
H 5.1295 4.6794 2.1402 
H 4.7815 3.3654 3.255 
C 0.3073 -3.5857 -2.9026 
C 0.3992 -2.4009 -2.1697 
C 0.5546 -1.1738 -2.83 
C 0.6114 -1.1447 -4.2344 
C 0.5085 -2.3367 -4.9366 
C 0.3586 -3.5649 -4.2965 
H 0.3542 -2.4179 -1.0861 
H 0.7333 -0.2094 -4.7676 
H 0.2859 -4.4715 -4.8872 
C 0.6786 0.1315 -2.1108 
N 0.9755 1.2214 -2.5853 
Si 1.3663 2.8873 -2.992 
C 3.245 3.0073 -3.0161 
H 3.6832 2.8573 -2.0249 
H 3.6833 2.2713 -3.6972 
C 0.6186 4.0462 -1.7085 
H -0.4752 3.9948 -1.7093 
H 0.968 3.8032 -0.7002 
C 0.6464 3.1927 -4.7126 
H 1.1249 2.4919 -5.4097 
H -0.4177 2.9245 -4.7027 
C 0.8158 4.6359 -5.2279 
H 1.87 4.9271 -5.2845 
H 0.3965 4.7463 -6.2329 
H 0.3073 5.3598 -4.5825 
H 0.8999 5.0842 -1.9184 
H 3.5496 4.0016 -3.3615 
F 0.558 -2.3026 -6.2782 





Pd 0.2677 0.0213 -0.117 
P 2.5242 -0.3413 0.7691 
P -2.1774 0.1719 -0.1632 
C -2.9716 -1.4901 -0.5604 
C -2.5111 -2.5644 0.4527 
C -4.5022 -1.5598 -0.7657 
H -2.5029 -1.7394 -1.5236 
C -2.9507 -3.9722 0.0168 
H -2.9389 -2.3485 1.4404 
H -1.4215 -2.5291 0.5697 
C -4.9338 -2.9744 -1.1966 
H -5.0221 -1.2916 0.1606 
H -4.8243 -0.8416 -1.524 
C -4.4678 -4.0461 -0.2026 
H -2.6356 -4.7051 0.7686 
H -2.4343 -4.2361 -0.9168 
H -6.0235 -3.0035 -1.3081 
H -4.5137 -3.1914 -2.1888 
H -4.7518 -5.0427 -0.5581 
H -4.981 -3.9002 0.7582 
C -2.5355 0.61 1.6398 
C -1.9934 2.023 1.9641 
C -3.9642 0.4203 2.1987 
H -1.8921 -0.1068 2.1733 
C -2.0569 2.3198 3.4716 
H -2.583 2.7775 1.4278 
H -0.9611 2.122 1.6043 
C -4.009 0.728 3.7075 
H -4.6682 1.0763 1.6765 
H -4.3069 -0.6042 2.0316 
C -3.4758 2.1312 4.0248 
H -1.703 3.3398 3.6602 
H -1.368 1.6463 4.0015 
H -5.0372 0.6174 4.0697 
H -3.4083 -0.019 4.2456 
H -3.4876 2.3059 5.1063 
H -4.1419 2.8839 3.5804 
C -2.9256 1.4901 -1.2863 
C -2.8565 1.049 -2.7685 
C -4.3306 2.0323 -0.9357 
H -2.2171 2.3224 -1.1651 
C -3.2943 2.1797 -3.7158 
H -3.5131 0.1852 -2.9286 
H -1.8436 0.7227 -3.0234 
C -4.7538 3.1546 -1.9014 
H -5.0697 1.2247 -0.9769 
H -4.3453 2.4189 0.0864 
C -4.6922 2.7052 -3.3661 
H -3.2654 1.8202 -4.7509 
H -2.5732 3.0068 -3.6509 
H -5.7642 3.4917 -1.6442 
H -4.0921 4.0208 -1.7593 
H -4.964 3.5333 -4.0299 
H -5.4333 1.912 -3.5375 
C 2.1633 -1.0194 2.497 
251 
C 1.541 -2.433 2.4007 
C 3.2724 -0.9727 3.5728 
H 1.3639 -0.3441 2.8395 
C 1.0301 -2.9208 3.7667 
H 2.2903 -3.143 2.0281 
H 0.7205 -2.4312 1.6728 
C 2.7458 -1.4741 4.9308 
H 4.1257 -1.5872 3.2665 
H 3.6463 0.0476 3.6909 
C 2.1349 -2.8775 4.8306 
H 0.631 -3.9368 3.6675 
H 0.1922 -2.2849 4.0869 
H 3.5616 -1.4618 5.6623 
H 1.9852 -0.773 5.3026 
H 1.738 -3.1889 5.803 
H 2.9203 -3.6002 4.5687 
C 3.6141 -1.5619 -0.1676 
C 4.1235 -0.9417 -1.4909 
C 4.7723 -2.2471 0.5932 
H 2.8964 -2.3487 -0.4407 
C 4.8242 -1.9937 -2.3678 
H 4.8344 -0.1357 -1.269 
H 3.2984 -0.4874 -2.0472 
C 5.4737 -3.2908 -0.2964 
H 5.5048 -1.5008 0.9206 
H 4.402 -2.7398 1.4958 
C 5.9691 -2.6842 -1.6153 
H 5.1979 -1.5172 -3.2814 
H 4.0876 -2.7445 -2.6853 
H 6.3067 -3.7382 0.2575 
H 4.7707 -4.1073 -0.5137 
H 6.4231 -3.4596 -2.2422 
H 6.7604 -1.951 -1.4049 
C 3.4406 1.2954 0.9328 
C 2.6203 2.2809 1.7985 
C 4.9261 1.2851 1.36 
H 3.405 1.6718 -0.0996 
C 3.2299 3.6931 1.7837 
H 2.5851 1.9213 2.8352 
H 1.5828 2.3151 1.4422 
C 5.5163 2.7076 1.3389 
H 5.0298 0.8707 2.3683 
H 5.5117 0.6427 0.697 
C 4.7048 3.6776 2.2071 
H 2.6481 4.3504 2.4402 
H 3.1478 4.1118 0.7708 
H 6.5589 2.6731 1.674 
H 5.5358 3.0758 0.3032 
H 5.1271 4.6866 2.1461 
H 4.7778 3.3725 3.2604 
C 0.3117 -3.5966 -2.881 
C 0.4092 -2.406 -2.1614 
C 0.5525 -1.1824 -2.8317 
C 0.59 -1.1712 -4.239 
C 0.4828 -2.3609 -4.9536 
C 0.3455 -3.5766 -4.2773 
252 
H 0.3785 -2.4139 -1.0765 
H 0.7021 -0.2242 -4.7559 
H 0.2661 -4.5038 -4.8366 
C 0.6813 0.1241 -2.1225 
N 0.9783 1.2152 -2.5943 
Si 1.3719 2.8798 -2.997 
C 3.2508 2.9991 -3.0233 
H 3.6897 2.8454 -2.033 
H 3.6876 2.2642 -3.7067 
C 0.6276 4.0384 -1.7111 
H -0.4663 3.9894 -1.7114 
H 0.9767 3.792 -0.7035 
C 0.6511 3.1924 -4.7164 
H 1.1276 2.4921 -5.4154 
H -0.4135 2.9261 -4.7058 
C 0.8227 4.6365 -5.2281 
H 1.8774 4.9259 -5.2848 
H 0.4026 4.751 -6.2323 
H 0.3164 5.3595 -4.58 
H 0.9113 5.0762 -1.9186 
H 3.5564 3.994 -3.366 
H 0.5093 -2.3411 -6.0388 
H 0.2095 -4.5393 -2.3522 
 
[(PCy3)2Pd{C=(NSiMe2Et)(3,5-(CF3)2-C6H3)}]+ (2.11) 
Pd 0.2677 0.0213 -0.117 
P 2.5242 -0.3413 0.7691 
P -2.1774 0.1719 -0.1632 
C -2.9716 -1.4901 -0.5604 
C -2.5111 -2.5644 0.4527 
C -4.5022 -1.5598 -0.7657 
H -2.5029 -1.7394 -1.5236 
C -2.9507 -3.9722 0.0168 
H -2.9389 -2.3485 1.4404 
H -1.4215 -2.5291 0.5697 
C -4.9338 -2.9744 -1.1966 
H -5.0221 -1.2916 0.1606 
H -4.8243 -0.8416 -1.524 
C -4.4678 -4.0461 -0.2026 
H -2.6356 -4.7051 0.7686 
H -2.4343 -4.2361 -0.9168 
H -6.0235 -3.0035 -1.3081 
H -4.5137 -3.1914 -2.1888 
H -4.7518 -5.0427 -0.5581 
H -4.981 -3.9002 0.7582 
C -2.5355 0.61 1.6398 
C -1.9934 2.023 1.9641 
C -3.9642 0.4203 2.1987 
H -1.8921 -0.1068 2.1733 
C -2.0569 2.3198 3.4716 
H -2.583 2.7775 1.4278 
H -0.9611 2.122 1.6043 
C -4.009 0.728 3.7075 
H -4.6682 1.0763 1.6765 
H -4.3069 -0.6042 2.0316 
C -3.4758 2.1312 4.0248 
253 
H -1.703 3.3398 3.6602 
H -1.368 1.6463 4.0015 
H -5.0372 0.6174 4.0697 
H -3.4083 -0.019 4.2456 
H -3.4876 2.3059 5.1063 
H -4.1419 2.8839 3.5804 
C -2.9256 1.4901 -1.2863 
C -2.8565 1.049 -2.7685 
C -4.3306 2.0323 -0.9357 
H -2.2171 2.3224 -1.1651 
C -3.2943 2.1797 -3.7158 
H -3.5131 0.1852 -2.9286 
H -1.8436 0.7227 -3.0234 
C -4.7538 3.1546 -1.9014 
H -5.0697 1.2247 -0.9769 
H -4.3453 2.4189 0.0864 
C -4.6922 2.7052 -3.3661 
H -3.2654 1.8202 -4.7509 
H -2.5732 3.0068 -3.6509 
H -5.7642 3.4917 -1.6442 
H -4.0921 4.0208 -1.7593 
H -4.964 3.5333 -4.0299 
H -5.4333 1.912 -3.5375 
C 2.1633 -1.0194 2.497 
C 1.541 -2.433 2.4007 
C 3.2724 -0.9727 3.5728 
H 1.3639 -0.3441 2.8395 
C 1.0301 -2.9208 3.7667 
H 2.2903 -3.143 2.0281 
H 0.7205 -2.4312 1.6728 
C 2.7458 -1.4741 4.9308 
H 4.1257 -1.5872 3.2665 
H 3.6463 0.0476 3.6909 
C 2.1349 -2.8775 4.8306 
H 0.631 -3.9368 3.6675 
H 0.1922 -2.2849 4.0869 
H 3.5616 -1.4618 5.6623 
H 1.9852 -0.773 5.3026 
H 1.738 -3.1889 5.803 
H 2.9203 -3.6002 4.5687 
C 3.6141 -1.5619 -0.1676 
C 4.1235 -0.9417 -1.4909 
C 4.7723 -2.2471 0.5932 
H 2.8964 -2.3487 -0.4407 
C 4.8242 -1.9937 -2.3678 
H 4.8344 -0.1357 -1.269 
H 3.2984 -0.4874 -2.0472 
C 5.4737 -3.2908 -0.2964 
H 5.5048 -1.5008 0.9206 
H 4.402 -2.7398 1.4958 
C 5.9691 -2.6842 -1.6153 
H 5.1979 -1.5172 -3.2814 
H 4.0876 -2.7445 -2.6853 
H 6.3067 -3.7382 0.2575 
H 4.7707 -4.1073 -0.5137 
H 6.4231 -3.4596 -2.2422 
254 
H 6.7604 -1.951 -1.4049 
C 3.4406 1.2954 0.9328 
C 2.6203 2.2809 1.7985 
C 4.9261 1.2851 1.36 
H 3.405 1.6718 -0.0996 
C 3.2299 3.6931 1.7837 
H 2.5851 1.9213 2.8352 
H 1.5828 2.3151 1.4422 
C 5.5163 2.7076 1.3389 
H 5.0298 0.8707 2.3683 
H 5.5117 0.6427 0.697 
C 4.7048 3.6776 2.2071 
H 2.6481 4.3504 2.4402 
H 3.1478 4.1118 0.7708 
H 6.5589 2.6731 1.674 
H 5.5358 3.0758 0.3032 
H 5.1271 4.6866 2.1461 
H 4.7778 3.3725 3.2604 
C 0.3117 -3.5966 -2.881 
C 0.4092 -2.406 -2.1614 
C 0.5525 -1.1824 -2.8317 
C 0.59 -1.1712 -4.239 
C 0.4828 -2.3609 -4.9536 
C 0.3455 -3.5766 -4.2773 
H 0.3785 -2.4139 -1.0765 
H 0.7021 -0.2242 -4.7559 
H 0.2661 -4.5038 -4.8366 
C 0.6813 0.1241 -2.1225 
N 0.9783 1.2152 -2.5943 
Si 1.3719 2.8798 -2.997 
C 3.2508 2.9991 -3.0233 
H 3.6897 2.8454 -2.033 
H 3.6876 2.2642 -3.7067 
C 0.6276 4.0384 -1.7111 
H -0.4663 3.9894 -1.7114 
H 0.9767 3.792 -0.7035 
C 0.6511 3.1924 -4.7164 
H 1.1276 2.4921 -5.4154 
H -0.4135 2.9261 -4.7058 
C 0.8227 4.6365 -5.2281 
H 1.8774 4.9259 -5.2848 
H 0.4026 4.751 -6.2323 
H 0.3164 5.3595 -4.58 
H 0.9113 5.0762 -1.9186 
H 3.5564 3.994 -3.366 
H 0.5093 -2.3411 -6.0388 
H 0.2095 -4.5393 -2.3522 
 
[(PCy3)2Pd{C=(NSiMe2Et)(iPr)}]+ (2.12) 
Pd 0.1017 0.014 -2.1267 
P 2.3501 -0.8953 -1.6636 
P -2.3246 0.1314 -1.7654 
C -3.3207 -0.4631 -3.2517 
C -2.9149 -1.9112 -3.6173 
C -4.8583 -0.3059 -3.2437 
H -2.9427 0.1855 -4.0546 
255 
C -3.5323 -2.349 -4.9561 
H -3.2532 -2.5979 -2.8308 
H -1.8219 -1.999 -3.6569 
C -5.4637 -0.7566 -4.5868 
H -5.298 -0.897 -2.4335 
H -5.1354 0.7353 -3.0578 
C -5.0588 -2.1911 -4.9499 
H -3.2539 -3.3879 -5.1663 
H -3.1071 -1.741 -5.7674 
H -6.5547 -0.666 -4.5414 
H -5.1286 -0.0731 -5.3799 
H -5.4727 -2.4662 -5.9262 
H -5.4927 -2.8887 -4.2199 
C -2.5479 -1.1086 -0.354 
C -1.8741 -0.5801 0.935 
C -3.958 -1.6654 -0.0512 
H -1.9424 -1.9576 -0.7052 
C -1.8338 -1.6552 2.0338 
H -2.4264 0.2906 1.3109 
H -0.8576 -0.2307 0.7146 
C -3.8991 -2.7372 1.0537 
H -4.6276 -0.8588 0.2653 
H -4.398 -2.1035 -0.9507 
C -3.2327 -2.2111 2.3314 
H -1.3855 -1.2355 2.9418 
H -1.1779 -2.4769 1.7115 
H -4.9131 -3.0926 1.2685 
H -3.3378 -3.6064 0.6825 
H -3.1733 -3.0055 3.0835 
H -3.8542 -1.4161 2.7666 
C -2.9761 1.8101 -1.2001 
C -2.9733 2.818 -2.3732 
C -4.3171 1.8616 -0.4325 
H -2.19 2.1307 -0.5006 
C -3.314 4.2425 -1.9015 
H -3.7122 2.5109 -3.125 
H -1.9972 2.816 -2.869 
C -4.6394 3.2952 0.0284 
H -5.1321 1.4964 -1.0667 
H -4.2825 1.2065 0.4416 
C -4.646 4.2864 -1.1417 
H -3.3415 4.9172 -2.7651 
H -2.5116 4.6076 -1.2446 
H -5.6071 3.3015 0.5425 
H -3.892 3.6125 0.7693 
H -4.8431 5.3014 -0.7798 
H -5.4659 4.0355 -1.8291 
C 1.88 -2.5434 -0.8625 
C 1.291 -3.4999 -1.9274 
C 2.9026 -3.2725 0.0384 
H 1.0447 -2.2451 -0.2101 
C 0.6872 -4.7596 -1.2844 
H 2.0789 -3.8041 -2.6281 
H 0.5293 -2.9768 -2.5193 
C 2.2823 -4.5357 0.6651 
H 3.7884 -3.5545 -0.5403 
256 
H 3.2472 -2.6105 0.8373 
C 1.7069 -5.4833 -0.3949 
H 0.3161 -5.4298 -2.0683 
H -0.1848 -4.4737 -0.6784 
H 3.0385 -5.0492 1.2694 
H 1.4822 -4.2377 1.3579 
H 1.2433 -6.3525 0.0847 
H 2.5233 -5.8713 -1.0199 
C 3.536 -1.2294 -3.0934 
C 4.1184 0.0995 -3.6318 
C 4.6536 -2.2801 -2.8981 
H 2.8606 -1.6262 -3.8651 
C 4.9325 -0.1157 -4.9194 
H 4.7755 0.5441 -2.8738 
H 3.3163 0.8228 -3.812 
C 5.4581 -2.4794 -4.1963 
H 5.3336 -1.9691 -2.0978 
H 4.2277 -3.2392 -2.5926 
C 6.0384 -1.1604 -4.7213 
H 5.3598 0.8398 -5.2449 
H 4.2608 -0.4472 -5.7234 
H 6.2578 -3.2072 -4.0184 
H 4.8033 -2.9187 -4.962 
H 6.5739 -1.3288 -5.6621 
H 6.7789 -0.7765 -4.0056 
C 3.2403 0.1777 -0.391 
C 2.3533 0.3648 0.8627 
C 4.6915 -0.179 0.0057 
H 3.2769 1.151 -0.9031 
C 2.9541 1.3872 1.8426 
H 2.239 -0.5964 1.3807 
H 1.3473 0.682 0.5608 
C 5.271 0.859 0.9848 
H 4.725 -1.1687 0.4731 
H 5.3299 -0.2304 -0.88 
C 4.3929 1.0233 2.2313 
H 2.3196 1.4561 2.7337 
H 2.9466 2.3828 1.3771 
H 6.2876 0.5627 1.2671 
H 5.3608 1.8278 0.4732 
H 4.8117 1.7888 2.8937 
H 4.3902 0.0843 2.8025 
C 0.3606 1.3358 -3.6684 
N 0.8151 2.4464 -3.4583 
Si 1.4007 3.9639 -2.7713 
C 3.2565 4.0023 -3.0751 
H 3.7721 3.1868 -2.5588 
H 3.4889 3.9286 -4.1422 
C 0.9977 4.0094 -0.9325 
H -0.0824 3.9636 -0.7598 
H 1.4597 3.1711 -0.4026 
C 0.5042 5.3318 -3.7154 
H 0.7159 5.2042 -4.7849 
H -0.5774 5.1791 -3.6042 
C 0.8774 6.7611 -3.2739 
H 1.9451 6.9626 -3.4101 
257 
H 0.3309 7.5083 -3.8579 
H 0.6396 6.9366 -2.2194 
C -0.0979 0.7115 -4.9965 
H -0.6609 -0.1972 -4.7704 
H 1.3672 4.9365 -0.4802 
H 3.6787 4.9442 -2.708 
C 1.1228 0.3271 -5.8509 
H 1.7418 -0.4236 -5.3563 
H 0.7799 -0.0912 -6.8022 
H 1.7408 1.2036 -6.0664 
C -1.0049 1.7039 -5.7471 
H -1.8759 1.9951 -5.1546 
H -0.4517 2.6111 -6.0052 
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APPENDIX: ADDITIONAL STUDIES OF SILYLPALLADIUM AND 
BORYLPALLADIUM CATIONS 
 
A.1. LIMITATIONS OF THE SYNTHESIS OF SILYLPALLADIUM CATIONS OF 
THE TYPE [(PCy3)2Pd−SiR3]+. 
Having successfully generated solutions of [(PCy3)2Pd−SiR3]
+ in situ where the silyl 
ligands were SiMe2Et (1.3) and SiEt2H (1.4) (see Chapter 1, Eq. 1.20), we also looked to 
explore the scope of silyl ligands applicable to this class of silylpalladium cation. Using the 
method detailed in Chapter 1, we were able to generate [(PCy3)2Pd−SiEt3]
+ (A.1) in situ. 
While we were able to obtain spectroscopic evidence for the production of A.1, extraneous 
signals in the 31P{1H} NMR spectrum of the reaction solution indicated that A.1 could not be 
cleanly generated as the major product, unlike compounds 1.3 and 1.4. Despite the presence 
of unknown side and decomposition products, A.1 could be partially characterized using 
multinuclear NMR spectroscopy. By 13C{1H} NMR spectroscopy, the virtual triplet at 30.5 
ppm (J = 8.6 Hz) was assigned to the methyne carbon atoms of the PCy3 ligand (Figure 
A.1a). As previously described, this splitting pattern is indicative of A.1 bearing mutually 
trans phosphine ligands.1–3 In analogy to the silyl ligand carbon atom splitting patterns for 
species 1.3 and 1.4, the methylene carbon resonances of the triethylsilyl ligand of A.1 
presented as a 1:2:1 triplet (3JCP = 4.3 Hz) at 12.6 ppm (Figure A.1a). The splitting pattern of 
this methylene resonance is indicative of A.1 containing a direct palladium−silicon bond.4 
Finally, using the 1H,29Si-HMBC NMR experiment, the 29Si NMR chemical shift of A.1 was 
measured as 88.2 ppm, the most downfield silicon NMR shift for all the silylpalladium 
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cations reported in this dissertation. These key spectroscopic features support the conclusion 
that A.1 was generated by this reaction and that it has a similar geometry as 1.3 and 1.4.  
Unlike A.1, [(PCy3)2Pd−SiEt2Me]
+ (A.2) could be cleanly generated in situ using the 
same synthetic approach as was described for A.1 (Scheme 1.4). Like complex 1.3, clear 4JPH 
coupling between the SiEt2Me protons and the chemically equivalent phosphorus atoms was 
observed with 1H,31P-HMBC NMR spectroscopy (Figure A.2). This coupling could also be 
observed in the 1-D 1H NMR spectrum, splitting the SiEt2Me proton resonance at 0.40 ppm 
into a triplet (4JPH = 1.5 Hz). As with 1.3, the methylene and methyl carbon resonances for 
the silyl ligand of A.2 were split into 1:2:1 triplets (3JCP = 3.9 Hz and 
3JCP = 5.1 Hz, 
respectively) from coupling to the two chemically equivalent phosphorus atoms (Figure 
A.1b). As with all the other silylpalladium cations of the type [(PCy3)2Pd−SiR3]
+ that were 
a) 
b) 
Figure A.1. Excerpts from the room temperature a) 151 MHz and b) 101 MHz 13C{1H} NMR spectra for A.1 
and A.2, respectively, highlighting the splitting patterns of the cyclohexyl methyne, –SiCH2CH3, and –SiCH3 
carbon resonances. Solvent: 1:5 DFB:Tol-d8. 
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studied herein, a virtual triplet (J = 8.8 Hz) at 35.0 ppm in the 13C{1H} NMR spectrum 
indicated a mutually trans phosphine orientation (Figure A.1b).1–3 Finally, the silicon 
chemical shift of A.2 was measured as 80.7 ppm.  
Attempts at synthesizing [(PCy3)2Pd−SiR3]
+ bearing silyl ligands other than those 
previously described, such as SiPh3, SiPh2H, SiPhMeH, Si(
iPr)3, were explored but either the 
target silylpalladium cation could not be synthesized or it was only a minor product amongst 
numerous other unidentified species. Considering these results, we hypothesized that the size 
of the silyl group had a significant impact on the ability to generate silylpalladium cations of 
this class. We hypothesized that steric strain between the bulky PCy3 ligands and the cis silyl 
group weakened the palladium−silicon bond, destabilizing the complex and preventing its 
effective synthesis. When comparing the 29Si chemical shifts of the trialkylsilylpalladium 
cations A.1, A.2, and 1.3, a trend between the chemical shift and size of the silyl moiety was 
found. Plotting the average A-values of the silyl substituents for each complex as a function 
Figure A.2. Excerpt from the room temperature (500 MHz, 202 MHz) 1H,31P-HMBC NMR spectrum for A.2, 
highlighting the JPH coupling between the –SiMe2 resonance ad the chemically equivalent phosphorus 
resonances. Solvent: 1:5 DFB:Tol-d8. 
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of the 29Si NMR chemical shift resulted in a linear plot (Figure A.3).5 Since there is literature 
precedent for a correlation between the strength of a silylium−Lewis base bond and the 29Si 
chemical shift, Plot A.3 suggested greater steric bulk of the silyl group lengthens the 
palladium−silicon bond, decreasing the electron density at silicon.6 To obtain support for this 
hypothesis, DFT was used to calculate the ground state geometries of A.1, A.2, and 1.3. 






























Figure A.4. Plot of the DFT calculated Pd−Si bond distance for A.1, A.2, and 1.3, as a function of 29Si NMR 
chemical shift, highlighting that the Pd−Si bond distance is directly proportional to the 29Si chemical shift. 

































Figure A.3. Plot of the average A-value for the substituents at silicon for A.1, A.2, and 1.3 as a function of the 
29Si NMR chemical shift, highlighting how the steric profile of the silyl ligand is directly proportional to the 
silicon chemical shift. aref. 5. 
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Plotting the 29Si NMR chemical shift of each species as a function of the calculated 
palladium−silicon bond distance revealed that these two variables are directly proportional; 
29Si chemical shifts increased with lengthening Pd−Si bond distances (Plot A.4). While more 
data points are required to confirm this hypothesis, this limited data supports the plausibility 
of the aforementioned arguments.  
A.2. SYNTHESIS OF [(PCy3)2Pd−SiR3]+ USING B(C6F5)3. 
The synthesis of silylpalladium cations [(PCy3)2Pd−SiR3]
+ described up to this point 
relied on the use of a diphenylsilyloxonium ion ([Ph2O−SiR3]
+) to transfer silylium to 
Pd(PCy3)2 (Eq. 1.20). This silyloxonium ion was determined by both experiment and DFT 
calculations to be a strong source of silylium, capable of cleanly transferring [SiR3]
+ to 
Pd(PCy3)2 (see Chapter 1). Our discovery that weak Lewis base−silylium adducts (e.g. 
[Ph2O−SiR3]
+) enabled the synthesis of silylpalladium cations led us to explore alternative 
methods of generating this type of organometallic complex.4 Tris(pentafluorophenyl)borane 
(BCF) is a well-established Lewis acid that can enable the catalytic hydrosilylation of a 
variety of C−X (X = N, O) double and single bonds.7–10 The mechanism for this reactivity 
involves the generation of a transient η1-hydrosilane BCF adduct.7–10 In this adduct, the 
electron density of the H−Si bond is polarized towards the borane coordinated hydride, 
rendering the silyl group more electrophilic and susceptible to attack by exogenous 
nucleophiles.8,10 This type of reactivity has been well established in the heterolytic cleavage 
of hydrosilane H−Si bonds by frustrated Lewis pairs of BCF and bulky Lewis bases.9,11–15 
We hypothesized that an analogous heterolytic cleavage of a hydrosilane H−SiR3 bond could 
be achieved with a combination of hydrosilane, BCF, and the Lewis basic and bulky 
Pd(PCy3)2, ultimately transferring silylium to palladium and hydride to BCF.
16  
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The addition of a solution of Pd(PCy3)2 to a room temperature solution of BCF and 
HSiMe2Et or HSiEt2H resulted in the generation of [(PCy3)2Pd−SiMe2Et][HB(C6F5)3] (A.3) 
or [(PCy3)2Pd−SiEt2H][HB(C6F5)4] (A.4) (Eq. A.1). By multinuclear NMR spectroscopy, the 
proton and phosphorus NMR resonances for both A.3 and A.4 were nearly identical to those 
of 1.3 and 1.4, respectively, confirming their identifies and demonstrating that this class of 
silylpalladium cation can be synthesized by this method. The 11B NMR spectrum of A.3 and 
A.4 both presented doublets at -24.7 ppm (JBH = 95.1 Hz), diagnostic for the HB(C6F5)3
− 
counteranion and confirming that heterolytic cleavage of the H−Si bond had occurred. The 
control reaction, where hydrosilane was added to a solution of Pd(PCy3)2 and BCF, did not 
result in the generation of A.3, indicating that the order of addition of this reaction was 
important, indicating that Pd(PCy3)2 and BCF destructively react with one another prior to 
hydrosilane addition (Eq. A.1).  
A.3. SYNTHESIS AND PROPERTIES OF [(PCy3)2Pd−BCat]+. 
Uttinger reported the synthesis of a series of three-coordinate and T-shaped 
platinum−boryl cations [(PCy3)2Pt−BX2]
+.17,18 They observed that for boryl groups bearing 
electron withdrawing groups, like catecholborane, an agostic interaction between the ligand 
C−H bonds and the coordination site of the metal trans to the boryl group could be observed 
at low-temperatures with NMR spectroscopy.18 The agostic interaction breaks the C2 
symmetry of the complex, causing the phosphorus resonance to present as two coupled 
doublets with large coupling constants.18 Furthermore, at low-temperatures they observed a 
(A.1) 
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broad upfield resonance in the 1H NMR spectrum consistent with the agostic proton.18 With 
this information, we questioned if a three-coordinate palladium−boryl cation, analogous to 
the platinum complexes described by Uttinger, could be generated by a method analogous to 
that shown in Eq. 1.20.  
Addition of a solution containing Pd(PCy3)2 to a mixture of [Ph3C][B(C6F5)4], Ph2O, 
and HBCat (catecholborane) at low-temperatures with subsequent warming cleanly generated 
a single major species, as determined by 31P{1H} NMR spectroscopy. We assigned this 
complex as [(PCy3)2Pd−BCat]
+ (A.5) (Eq. A.2). Unfortunately, A.5 did not present any cross 
peaks in the 1H,31P-NMR spectroscopy between the catechol moiety and the ligating 
phosphorus atoms. The absence of observable coupling in the two-dimensional NMR 
spectrum is likely due to the spacing between the catechol proton and ligating phosphorus 
atoms by the boron and oxygen atoms. By 11B NMR spectroscopy, a broad resonance at 22.8 
ppm was observed and assigned to the catecholboryl group of A.5. As with silylpalladium 
cations of the class [(PCy3)2Pd−SiR3]
+, the cyclohexyl carbon resonances were indicative of 
A.5 containing mutually trans phosphine ligands.1–3 While this spectroscopic data was 
suggestive of A.5 being a palladium−boryl cation, the room temperature spectroscopic data 
alone was not conclusive for A.5 being a borylpalladium complex. This limitation led us to 
utilize variable temperature NMR experiments to support the proposed identity of A.5. As 




displayed chemically inequivalent phosphorus resonances and an agostic proton resonance at 
low temperatures; we thus hypothesized that A.5 should display a similar behavior.18  
Cooling a solution of A.5 through -70 °C decoalesced the single phosphorus 
resonance into three sets of phosphorus resonances; a pair of mutually coupled doublets at 
43.4 and 35.4 ppm (JPP = 247.7 Hz) and singlet at 31.5 ppm (Figure A.5). The large JPP of the 
doublets is indicative of mutually trans, yet chemically inequivalent phosphine ligands.2,18 
As with the palladium−methyl cation 1.8 described in Chapter 1, we attributed the pair of 
coupled doublets to the C2-asymmetric isomer of A.5, which contains an agostic interaction, 
and the singlet to the isomer lacking this stabilizing agostic interaction. The possibility of the 
single phosphorus resonance corresponding to a square planar complex with solvent ligated 











Figure A.5. Variable-temperature 202 MHz 31P{1H} NMR spectrum of a solution of in situ generated A.5. 
Solvent: 1:5 DFB:Tol-d8. 
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interaction is found in the low-temperature 1H NMR spectrum, which presents as a broad 
resonance at -0.31 ppm below -50 °C, diagnostic for the agostic proton (Figure A.6).18,19 
Taken together, the spectroscopic data is supportive of A.5 being [(PCy3)2Pd−BCat]
+. 
Finally, as with the synthesis of [(PCy3)2Pd−SiR3][HB(C6F5)3], which was accomplished by 
the addition of Pd(PCy3)2 to BCF and hydrosilane, [(PCy3)2Pd−BCat][HB(C6F5)3] (A.6) 











Figure A.6. Variable-temperature 500 MHz 1H NMR spectrum of a solution of in situ generated A.5, 
highlighting the agostic resonance. Solvent: 1:5 DFB:Tol-d8. 
(A.3) 
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A.4. REACTIONS OF [(Xantphos)PdSiR3]+ WITH KETONES, ALDEHYDES, AND A 
DIENE. 
In Chapter 1, we reported the synthesis of palladium−π-benzyl complexes 1.15, 1.16, 
and 1.17.4 All of these complexes were generated by the addition of a benzyl ether derivative, 
(1-methoxyethyl)benzene, 1-(methoxymethyl)naphthalene, or isochroman, respectively, to 
[(Xantphos)Pd−SiMe2Et]
+ (1.11). The organometallic products of these reactions resulted 
from the cleavage of the benzyl ether C(sp3)−O σ-bonds (Eq. 1.28 – 1.30). The mechanism 
for these reactions was proposed to initiate with intermolecular silylium transfer from 1.11 to 
the ethereal oxygen atom of the substrate, generating a silyloxonium cation and the zero-
valent complex (Xantphos)Pd0. These two intermediates were then postulated to react to 
cleave the benzylic C−O bond and generate the organometallic products. 
Not explicitly discussed in Chapter 1, but alluded to in the Experimental section, was 
the reaction of 1.11 with an excess of a carbonyl containing compound and hydrosilane. The 
addition of 1.11 to excess benzaldehyde or p-fluroacetophenone generated stable 
palladium−π-benzyl cations (1.18 and 1.19). The use of excess substrate and hydrosilane in 
these reactions ensured complete conversion of 1.11 to the desired products. While the 
mechanisms for these reactions were not studied and are likely complex, intermolecular 
silylium transfer from 1.11 to the carbonyl oxygen atom, generating a silyloxocarbenium 
cation which then reacted with the concomitantly generated zero-valent palladium 
intermediate, was proposed to be a key step. With these results in hand, we explored the 
reaction of 1.11 with other carbonyl containing compounds. 
Complex 1.15 was also produced when excess acetophenone and HSiMe2Et were 
added to a solution of in situ generated 1.11 (Eq. A.4). Complex 1.15, of which a crystal 
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structure was obtained (see Chapter 1), didn’t contain a C−O bond. This result is of interest 
because it demonstrated that for this substrate and under the conditions tested, complete 
cleavage of the carbonyl C=O π-bond had occurred. No evidence for the generation of the 
palladium−π-benzallyl alcohol, the expected product from the single reduction of the 
carbonyl C=O π-bond, was observed. Analogous results were obtained when excess p-
fluoroacetophenone and hydrosilane were added to 1.11, generating 1.19 (see Chapter 1).  
Adding excess benzaldehyde and hydrosilane to a solution containing 1.11 produced 
the palladium−π-benzallyl alcohol 1.18 (Eq. A.5). Unlike the reactions of 1.11 with 
acetophenone, the carbonyl C=O π-bond was only singly reduced to a C−O σ-bond. 
Diagnostic for the identity of 1.18 was the terminal benzallyl resonance present in both the 
1H and 13C{1H} NMR spectra. This proton resonated as a triplet in the 1H NMR spectrum at 
5.99 ppm (JHP = 2.6 Hz) and a triplet in the 
13C{1H} NMR spectrum at 94.1 ppm (JCP = 21.5 




corresponds to an odd number of protons and relative integrations in the proton NMR 
spectrum confirmed that this resonance is associated to a single proton (Figure A.7). The 
presence of resonances associated with a silyl moiety in the isolated product also 
demonstrated that the substrate carbonyl C=O π-bond was only singly reduced to a C−O σ-
bond. Furthermore, the −SiMe2 proton and carbon resonances presented as two singlets of 
equal intensity, indicating that the silylmethyl groups were diastereotopic.  
To further investigate the reactivity of carbonyl containing substrates with 1.11, we 
added a solution of in situ generated 1.11 to excess cyclohexenone (Eq. A.6). An enenone 
was chosen so the resulting organometallic product would be a palladium−π-allyl complex, 
which was expected to be stable, isolable, and not prone to β-hydride elimination. The 
organometallic product isolated from the reaction mixture was confirmed, with multinuclear 
NMR spectroscopy, to be the palladium−π-allylalcohol (A.7). The 31P{1H} NMR spectrum 
Figure A.7. A room-temperature phased (500 MHz, 126 MHz) 1H,13C-HSQC NMR spectrum of 1.18, 
highlighting the benzylic carbon and proton resonance. Solvent: 1:5 DFB:Tol-d8. 
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for A.7 presented two coupled doublets in a 1:1 ratio as the major phosphorus resonances 
(JPP = 21.4 Hz). This pattern is indicative of a complex where interconversion of the 
metal−allyl isomers is slow relative to the NMR timescale. The 1H,31P-HMBC NMR 
spectrum of A.7 displayed cross peaks between both phosphorus resonances and the proton 
resonance at 3.86 ppm (Figure A.6). Using relative integrations, this proton can be assigned 
to a single π-allyl proton. A COSY NMR spectrum of A.7 highlighted that the allylic proton 
at 3.86 is coupled to the doublet at 5.16 ppm (JHH = 7.3 Hz) (Figure A.9). Since the central 
proton of π-allyl moieties are typically the most deshielded, the resonance at 5.16 ppm can be 
assigned to the central allylic proton and the resonance at 3.86 ppm to the terminal proton. 
With a 1H,13C-HMBC NMR experiment, the carbon resonances of the π-allyl group were   
Figure A.8. An excerpt of the room-temperature (500 MHz, 202 MHz) 1H,31P-HMBC NMR spectrum of A.7, 
highlighting the allylic proton resonances and their coupling to the two chemically inequivalent phosphorus 




Figure A.9. An excerpt of the room temperature 600 MHz COSY NMR spectrum of A.7, highlighting the 
coupling of the protons of the π-allyl moiety. Solvent: 1:5 DFB:Tol-d8. 
Figure A.10. An excerpt from a (600 MHz, 151 MHz) 1H,13C-HMBC NMR spectrum of A.7, highlighting cross 
peaks corresponding to the carbon resonances of the π-allyl moiety. Solvent: 1:5 DFB:Tol-d8. 
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located, and each was shown to display splitting patterns resulting from coupling to the 
ligating phosphorus atoms (Figure A.10). The presence of only two π-allyl protons, as well as 
the presence of silyl ligand resonances in both the 1H and 13C NMR spectra, indicated that 
the carbonyl C=O π-bond was singly reduced to a C−O σ-bond.  
The insertion of olefinic C=C π-bonds into metal−silicon bonds has been well 
established and is a key step in the modified Chalk-Harrod mechanism for olefin 
hydrosilylation.20–22 To investigate if olefins are able into insert into the palladium−silicon 
bond of 1.11, 1,3-cyclohexadiene was added to a solution of 1.11 (Eq. A.7). The product of 
this reaction was isolated and, with multinuclear NMR spectroscopy, determined to be the 
palladium−π-allyl cation A.8. Like complex A.8, the phosphorus atoms for A.8 presented as 
two coupled doublets (JPP = 34.8 Hz) in a 1:1 ratio (Figure A.11). This splitting pattern 
emphasized the chemical inequivalence of the ligating phosphorus atoms, a result of slow 
isomerization of the allyl isomers. With a 1H,31P-HMBC NMR experiment, the phosphorus 
resonances were observed to couple to two proton multiplets at 5.20 and 4.72 ppm (Figure 
A.11). These two resonances were assigned to the terminal protons of the π-allyl moiety. 
With a 1H,13C-HSQC NMR experiment, the carbon resonances of the π-allyl moiety could be 
assigned and shown to be split from coupling to the ligating phosphorus atoms. (Figure 
A.12). A COSY NMR experiment confirmed that the proton resonance at 5.66 is also part of 




Figure A.11. An excerpt of the room-temperature (500 MHz, 202 MHz) 1H,31P-HMBC NMR spectrum of A.8, 
highlighting the allylic proton resonances and the inequivalent phosphorus resonances. Solvent: 1:5 DFB:Tol-
d8. 
Figure A.12. An excerpt of the room temperature (600 MHz, 151 MHz) 1H,13C-HSQC NMR spectrum of A.8, 
emphasizing the proton and carbon atoms of the π-benzyl moiety and the carbon atom bearing the silyl group. 
Solvent: 1:5 DFB:Tol-d8. 
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substituents of the silyl group were diastereotopic, indicating that the complex contained a 
stereocenter.  
A.5. EXPERIMENTAL 
A.5.1. General Methods 
All reactions were carried out in a nitrogen filled glove box under ambient 
temperatures and pressures unless otherwise specified. All liquid reagents and solvents were 
deoxygenated with three freeze-pump-thaw cycles before storing over 4 Å molecular sieves. 
Molecular sieves were pre-activated by drying at ~180 °C under high vacuum for a minimum 
of 12 hours. ortho-Difluorobenzene (DFB), diphenyl ether, and 1,3-cyclohexadiene were 
dried by distillation over calcium hydride. Acetophenone, p-acetophenone, and 
cyclohexeneone were dried over MgSO4 before deoxygenation and storage over 4 Å 
molecular sieves. Deuterated solvents and silanes were not dried prior to deoxygenation. Dry 
Figure A.13. An excerpt of a room-temperature 600 MHz COSY NMR spectrum of A.8, highlighting the π-allyl 
proton resonances. Solvent: 1:5 DFB:Tol-d8. 
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ice-acetone baths were used to cool reactions to -78 °C. A liquid nitrogen cooled cold well, 
charged with copper beads, was used to freeze solutions in the glovebox.  
Bis(tricyclohexylphosphine)palladium(0) was synthesized according to literature 
procedures23 or purchased from Strem Chemicals. The compound 
[(Xantphos)Pd(SiMe2Et)][B(C6F5)4] (1.11) was prepared in situ the procedure detailed in 
Chapter 1.4 All other solvents and reagents were purchased from commercial sources: 
MilliporeSigma, TCI Chemicals, Strem Chemicals, Oakwood Chemicals, ACROS Organics, 
and Fisher Scientific.  
All NMR spectra were recorded on either Bruker Avance 600 MHz, 500 MHz, or 400 
MHz spectrometers, or on Bruker Neo 600 MHz or 400 MHz spectrometers. Chemical shifts 
were recorded as δ values in ppm. The 1H,29Si-HMBC experiment was used to obtain 29Si 
chemical shifts. Residual deuterated solvent proton or carbon resonances were used as 
internal references for NMR spectroscopy.24 Tetramethylsilane in CD2Cl2 or 1:5 
DFB:toluene-d8 was used as an external reference for the 
1H,29Si-HMBC experiment. Due to 
overlap with solvent signals and their low intensities resulting from JCF, the carbon 
resonances of B(C6F5)
− and B(C6F5)3 are not reported. Multiplicity is defined as follows: s = 
singlet, d =doublet, t = triplet, q = quartet, p = pentet, hept = heptet, m=multiplet, and vt = 
virtual triplet.  
A.5.2. Complex Synthesis and General Reaction Procedures 
[(PCy3)2PdSiEt3][B(C6F5)4] (A.1). Triethylsilane (4.6 μL, 0.029 mmol) was added to 
[Ph3C][B(C6F5)4] (24.3 mg, 0.0263 mmol) and diphenyl ether (4.2 μL, 0.0263 mmol) 
dissolved in DFB (100 μL) and toluene-d8 (200 μL). The orange solution quickly turned 
colorless upon hydrosilane addition. The reaction mixture was transferred to a J. Young 
NMR tube and frozen in a cold well before adding Pd(PCy3)2 (17.5 mg, 0.0263 mmol) in 
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toluene-d8 (300 μL). The reaction was mixed while warming to room temperature and NMR 
characterization was promptly carried out. Multinuclear NMR chemical shifts are not 
reported because A.1 couldn’t be cleanly generated. 
[(PCy3)2PdSiEt2Me][B(C6F5)4] (A.2). Diethylmethylsilane (4.1 μL, 0.029 mmol) 
was added to [Ph3C][B(C6F5)4] (24.0 mg, 0.026 mmol) and diphenyl ether (4.1 μL, 0.026 
mmol) dissolved in DFB (100 μL) and toluene-d8 (200 μL). The orange solution quickly 
turned colorless upon hydrosilane addition. The reaction mixture was transferred to a J. 
Young NMR tube and frozen in a cold well before adding Pd(PCy3)2 (17.3 mg, 0.026 mmol) 
in toluene-d8 (300 μL). The reaction was mixed while warming to room temperature and 
NMR characterization was promptly carried out. 1H NMR (400 MHz, 1:5 DFB:Toluene-d8, 
δ) 1.85 (t, J = 12.2 Hz, 6H), 1.75 (m, 24H), 1.63 (s, 6H), 1.37 (t, J = 12.0 Hz, 12H), 1.11 (m, 
18H), 1.01 (s, 9H), 0.93 (m, 4H), 0.40 (s, 3H). 13C{1H} NMR (101 MHz, 1:5 DFB:Toluene-
d8, δ) 34.98 (t, J = 8.8 Hz), 31.50, 27.70 (t, J = 5.4 Hz), 26.25, 15.22 (t, J = 3.9 Hz), 9.28, 
3.86 (t, J = 5.1 Hz). 31P{1H} NMR (162 MHz, 1:5 DFB:Toluene-d8, δ) 34.64. 
29Si (80 MHz, 
1:5 DFB:Toluene-d8, δ) 80.8.  
[(PCy3)2PdSiMe2Et][HB(C6F5)3] (A.3). A room temperature solution of Pd(PCy3)2 
(17.3 mg, 0.026 mmol) in 300 μL toluene-d8 was added to a solution of B(C6F5)3 (13.3 mg, 
0.026 mmol) and HSiMe2Et (3.8 μL, 0.0286 mmol) in 100 μL DFB and 200 μL toluene-d8  at 
room temperature. The resulting product, A.3 was characterized with multinuclear NMR 
spectroscopy in situ. 1H NMR (500 MHz, 1:5 DFB:Toluene-d8, δ) 1.86 (t, J = 12.3 Hz, 6H), 
1.75 (m, 24H), 1.63 (s, 6H), 1.36 (q, J = 11.9 Hz, 12H), 1.12 (m, 18H), 0.98 (m, 5H), 0.45 (s, 
6H). 31P{1H} NMR (202 MHz, 1:5 DFB:Toluene-d8, δ) 34.85. 
11B NMR (160 MHz, 1:5 
DFB:Toluene-d8, δ) -24.72 (d, J = 95.1 Hz). 
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[(PCy3)2PdSiEt2Me][HB(C6F5)3] (A.4). A room temperature solution of Pd(PCy3)2 
(17.3 mg, 0.026 mmol) in 300 μL toluene-d8 was added to a solution of B(C6F5)3 (13.3 mg, 
0.026 mmol) and HSiMe2Et (3.8 μL, 0.0286 mmol) in 100 μL DFB and 200 μL toluene-d8  at 
room temperature. The product was characterized in situ by multinuclear NMR spectroscopy. 
1H NMR (500 MHz, 1:5 DFB:Toluene-d8, δ) 3.66 (tp, J = 16.6, 2.6 Hz, 1H), 1.93 (t, J = 12.4 
Hz, 6H), 1.73 (m, 24H), 1.63 (m, 6H), 1.36 (q, J = 11.7, 11.0 Hz, 12H), 1.12 (m, 18H), 1.07 
(t, J = 7.0 Hz, 3H), 1.00 (m, 4H). 31P{1H} NMR (202 MHz, 1:5 DFB:Toluene-d8, δ) 32.70.
 
11B NMR (160 MHz, 1:5 DFB:Toluene-d8, δ) -24.73 (d, J = 94.9 Hz). 
[(PCy3)2Pd(catecholboryl)][B(C6F5)4] (A.5). Catecholborane (3.0 μL, 0.0286 mmol) 
was added to [Ph3C][B(C6F5)4] (24.0 mg, 0.026 mmol) and diphenyl ether (4.1 μL, 0.026 
mmol) dissolved in DFB (100 μL) and toluene-d8 (200 μL). No color change was observed. 
The reaction mixture was transferred to a J. Young NMR tube and frozen in a cold well 
before adding Pd(PCy3)2 (17.3 mg, 0.026 mmol) in toluene-d8 (300 μL). The reaction was 
mixed while warming to room temperature and NMR characterization was promptly carried 
out. 1H NMR (500 MHz, 1:5 DFB:Toluene-d8, δ) 1.84 (tt, J = 9.3, 3.4 Hz, 6H), 1.69 (d, J = 
12.7 Hz, 12H), 1.55 (m, 18H), 1.30 (q, J = 11.9 Hz, 12H), 1.11 (m, 18H). 13C{1H} NMR (151 
MHz, 1:5 DFB:Toluene-d8, δ) δ 148.11, 124.03, 112.48, 34.62 (t, J = 10.9 Hz), 30.62, 27.71 
(t, J = 5.7 Hz), 26.20. 31P{1H} NMR (202 MHz, 1:5 DFB:Toluene-d8, δ) 35.44.
 11B NMR 
(160 MHz, 1:5 DFB:Toluene-d8, δ) 23.04 (BCat), -16.00 (B(C6F5)4). 
[(PCy3)2Pd(catecholboryl)][HB(C6F5)3] (A.6). A room temperature solution of 
Pd(PCy3)2 (17.3 mg, 0.026 mmol) in 300 μL toluene-d8 was added to a solution of B(C6F5)3 
(13.3 mg, 0.026 mmol) and catecholborane (3.0 μL, 0.0286 mmol) in 100 μL DFB and 200 
μL toluene-d8  at room temperature. The product was characterized in situ by multinuclear 
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NMR spectroscopy. 1H NMR (500 MHz, 1:5 DFB:Toluene-d8, δ) 1.87 (tt, J = 11.8, 3.1 Hz, 
6H), 1.71 (d, J = 12.5 Hz, 12H), 1.56 (d, J = 9.6 Hz, 18H), 1.32 (q, J = 12.8, 12.4 Hz, 12H), 
1.13 (m, 18H). 31P{1H} NMR (202 MHz, 1:5 DFB:Toluene-d8, δ) 35.48.
 11B NMR (160 
MHz, 1:5 DFB:Toluene-d8, δδ 22.37 (BCat), -24.68 (d, J = 92.4 Hz, HBCF). 
[(XANTPHOS)Pd(η3-phenethyl)][BArF4] (1.15). To a solution of 1.11 (0.035 
mmol) in CD2Cl2 (600 μL) in a J. Young NMR tube was added acetophenone (41 μL, 0.35 
mmol) and HSiMe2Et (28 μL, 0.21 mmol). The reaction was allowed to sit overnight at room 
temperature before the product was isolated following the procedure described in Chapter 1. 
(48.2 mg, 0.027 mmol, 77%). See Chapter 1 for NMR spectroscopic data.  
[(XANTPHOS)Pd((1,2,3-η)-3-((ethyldimethylsilyl)oxy)cyclohexene-1-yl)][BArF4] 
(A.7). To a solution of 1.11 (0.026 mmol) in CD2Cl2 (600 μL) in a J. Young NMR tube was 
added cyclohexenone (25 μL, 0.26 mmol) and HSiMe2Et (24 μL, 0.182 mmol). The reaction 
was allowed to sit overnight at room temperature before the solvent was evacuated, the 
residue washed with pentanes (3 x 1 mL) and the final residue dried under high vacuum to 
yield A.7 as a yellow film (29.2 mg, 0.017 mmol, 65%). 1H NMR (600 MHz, CD2Cl2, δ) 
7.74 (s, 8H), 7.63 (m, 2H), 7.56 (s, 4H), 7.52 – 7.05 (m, 22H), 6.97 (m, 1H), 6.50 (m, 1H), 
5.16 (d, J = 7.3 Hz, 1H), 3.86 (h, J = 3.1 Hz, 1H), 1.83 (m, 4H), 1.64 (m, 2H), 1.39 (m, 4H), 
1.18 (m, 1H), 0.96 (m, 1H), 0.85 (t, J = 8.0 Hz, 3H), 0.50 (q, J = 8.0 Hz, 2H), 0.05 (s, 3H), 
0.04 (s, 3H). 13C{1H} NMR (151 MHz, CD2Cl2, δ) 165.78 (m), 162.12 (m), 155.71, 135.16, 
133.52 (d, J = 13.5 Hz), 132.89 (m), 130.96, 130.85, 130.61, 129.25 (m), 128.25 (m), 125.11, 
124.96 (q, J = 272.4 Hz), 119.63 (d, J = 34.8 Hz), 117.84 (p, J = 4.1 Hz), 91.37 (t, J = 4.5 
Hz), 72.05 (m), 36.46, 34.37 (t, J = 2.9 Hz), 31.25, 25.55 (t, J = 2.8 Hz), 24.63, 21.59, 8.43, 
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6.44, -1.77, -1.85. 31P{1H} NMR (243 MHz, CD2Cl2, δ) 11.21 (d, J = 21.0 Hz, 1P), 5.03 (d, J 
= 21.9 Hz, 1P).  
[(XANTPHOS)Pd((1,2,3-η)-3-(ethyldimethylsilyl)cyclohexene-1-yl)][BArF4] 
(A.8). To a solution of 1.11 (0.026 mmol) in CD2Cl2 (600 μL) in a J. Young NMR tube was 
added 1,3-cyclohexadiene (12.4 μL, 0.13 mmol). The reaction was heated at 70 °C for 2 
hours. The product was isolated by solvent evacuation, washing with pentanes (3 x 1 mL), 
and drying under high vacuum to yield A.8 as a beige film (36.7 mg, 0.21 mmol, 82%). 1H 
NMR (500 MHz, CD2Cl2, δ) 7.74 (m, 8H), 7.67 (ddd, J = 7.9, 3.9, 1.4 Hz, 2H), 7.56 (s, 4H), 
7.25 (m, 20H), 6.88 (td, J = 8.1, 1.4 Hz, 1H), 6.80 (td, J = 8.1, 1.4 Hz, 1H), 5.66 (td, J = 7.3, 
1.2 Hz, 1H), 5.20 (m, 1H), 4.74 (m, 1H), 1.91 (m, 1H), 1.65 (s, 3H), 1.65 (s, 3H), 1.27 (m, 
3H), 0.98 (m, 1H), 0.74 (t, J = 7.9 Hz, 3H), 0.29 (m, 2H), -0.20 (s, 3H), -0.26 (s, 3H). 
13C{1H} NMR (151 MHz, CD2Cl2, δ) 162.10 (m), 155.23 (m), 135.14, 134.43 (m), 133.01 
(m), 132.09, 131.93, 131.11 (m), 129.97 (t, J = 5.7 Hz), 129.28 (m), 128.71 (m), 125.33 (t, J 
= 7.1 Hz), 124.93 (q, J = 272.5 Hz), 118.34 (dd, J = 37.5, 9.9 Hz), 117.83 (p, J = 4.2 Hz), 
107.98 (t, J = 5.0 Hz), 107.15 (d, J = 21.9 Hz), 90.48 (dd, J = 27.9, 1.8 Hz), 36.35, 30.84 (d, 
J = 3.4 Hz), 28.16 (d, J = 3.5 Hz), 26.21 (d, J = 5.3 Hz), 22.16, 7.21, 5.71, -5.17, -5.37. 
31P{1H} NMR (202 MHz, CD2Cl2, δ) 5.82 (d, J = 34.9 Hz, 1P), 5.12 (d, J = 34.8 Hz, 1P). 
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A.5.3. NMR Spectra for the Synthesized Compounds 
 
Figure A.14. 600 MHz 1H NMR spectrum of A.1. Solvent: 1:5 DFB:Tol-d8. Temperature: RT.  
 




Figure A.16. 243 MHz 31P{1H} NMR spectrum of A.1. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 





Figure A.18. 400 MHz 1H NMR spectrum of A.2. Solvent: 1:5 DFB:Tol-d8. Temperature: RT.  
 
Figure A.19. 101 MHz 13C{1H} NMR spectrum of A.2. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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Figure A.20. 203 MHz 31P{1H} NMR spectrum of A.2. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 




Figure A.22. (400 MHz, 80 MHz) 1H,29Si NMR spectrum of A.2. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 




Figure A.24. 202 MHz 13C{1H} NMR spectrum of A.3. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 
 
Figure A.25. 160 MHz 11B NMR spectrum of A.3. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
297 
 
Figure A.26. (500 MHz, 202 MHz) 1H,31P-HMBC NMR spectrum of A.3. Solvent: 1:5 DFB:Tol-d8. 
Temperature: RT. 
 




Figure A.28. 202 MHz 31P{1H} NMR spectrum of A.4. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 




Figure A.30. (500 MHz, 202 MHz) 1H,31P-HMBC NMR spectrum of A.4. Solvent: 1:5 DFB:Tol-d8. 
Temperature: RT. 
 




Figure A.32. 151 MHz 13C{1H} NMR spectrum of A.5. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 
Figure A.33. 202 MHz 31P{1H} NMR spectrum of A.5. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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Figure A.34. 160 MHz 11B NMR spectrum of A.5. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 





Figure A.36. 500 MHz 1H NMR spectrum of A.6. Solvent: 1:5 DFB:Tol-d8. Temperature: RT.  
 
Figure A.37. 202 MHz 1H NMR spectrum of A.6. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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Figure A.38. 160 MHz 11B NMR spectrum of A.6. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 
Figure A.39. 600 MHz 1H NMR spectrum of A.7. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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Figure A.40. 151 MHz 13C{1H} NMR spectrum of A.7. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 




Figure A.42. 500 MHz 1H NMR spectrum of A.8. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
 




Figure A.44. 202 MHz 31P{1H} NMR spectrum of A.8. Solvent: 1:5 DFB:Tol-d8. Temperature: RT. 
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A.5.4. Computational Details 
Calculations were carried out with the Gaussian 09 program package, revision E.01.25 
Geometry optimizations and frequency calculations were performed in the gas phase using 
the dispersion corrected (GD3BJ) PBE1PBE functional with the following basis sets: 6-
311G* (C, H, Si), 6-311+G* (O, F, S, P), LANL2DZ (Pd). Basis set superposition error 
(BSSE) corrected interaction energies (complexation energies) were obtained by computing 
the counterpoise corrections of the Lewis base−silylium adducts, with the silylium moiety 
assigned a charge of +1 and the Lewis base as assigned a charge of q - 1, where q is the 
overall charge of the adduct.  
Table A.1. DFT calculated metrical parameters and silylicities (Π) for selected 
compounds generated in this study.a 
Compound 
P-Pd-P 






A.1 159.32 2.3355 -118.49 1.423 88.2 
A.2 160.5 2.3263 -118.75 1.437 80.8 
1.3 161.1 2.323 -121.89 1.417 73.2 
TfOSiEt3 NA NA -168.65 NA NA 
TfOSiEt2Me NA NA -170.69 NA NA 
TfOSiEtMe2 NA NA -172.69 NA NA 
 a
Gas phase calculations using the PBE1PBE functional and triple-ζ basis sets.  
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Figure A.45. The ground state optimized geometry in the gas phase for A.1 at the PBE1PBE level using split 
triple-zeta basis sets. 
Figure A.46. The ground state optimized geometry in the gas phase for A.2 at the PBE1PBE level using split 
triple-zeta basis sets. 
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A.5.5. Cartesian Coordinates for DFT Optimized Geometries 
([PCy3)2Pd−SiEt3]+ (A.1) 
Pd 0.0065 -0.2636 -0.0645 
Si -0.1012 -2.5948 -0.1569 
P 2.3379 0.2748 -0.02 
P -2.2899 0.0454 -0.073 
C -3.2785 -0.5266 1.3863 
C -2.3889 -0.699 2.6231 
C -4.5417 0.2687 1.7309 
H -3.6088 -1.5293 1.085 
C -3.158 -1.3726 3.7534 
H -2.029 0.2816 2.9577 
H -1.4965 -1.2774 2.3643 
C -5.307 -0.4216 2.8575 
H -4.2703 1.2783 2.0568 
H -5.1857 0.3838 0.8558 
C -4.4344 -0.612 4.0917 
H -2.5177 -1.4609 4.6368 
H -3.413 -2.3976 3.4517 
H -6.1992 0.1617 3.1048 
H -5.6645 -1.3987 2.506 
H -4.9923 -1.1349 4.8741 
H -4.1722 0.3712 4.5048 
C 3.6619 -0.2616 -1.2084 
C 4.8233 0.7133 -1.4361 
C 4.1828 -1.6574 -0.8476 
H 3.1184 -0.3518 -2.1583 
C 5.7939 0.1713 -2.4826 
H 5.3614 0.8917 -0.4999 
H 4.45 1.6833 -1.7682 
C 5.1653 -2.1775 -1.892 
H 4.6793 -1.6291 0.13 
H 3.351 -2.3585 -0.7522 
C 6.3176 -1.2073 -2.1077 
H 6.6202 0.8773 -2.6108 
H 5.2828 0.1146 -3.4532 
H 5.5372 -3.1601 -1.5855 
H 4.6352 -2.3291 -2.8419 
H 6.9924 -1.5834 -2.8823 
H 6.9127 -1.1353 -1.1875 
C 2.951 0.0984 1.7173 
C 4.3549 0.5954 2.0687 
C 1.8925 0.6682 2.6703 
H 2.9474 -0.9916 1.8588 
C 4.678 0.2973 3.5314 
H 4.4371 1.6717 1.8895 
H 5.101 0.1167 1.4302 
C 2.2398 0.3741 4.1248 
H 1.8142 1.7543 2.5311 
H 0.9079 0.2493 2.4216 
C 3.6335 0.8808 4.4739 
H 5.6725 0.6851 3.7726 
H 4.7283 -0.7904 3.6742 
H 1.4889 0.8233 4.7828 
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H 2.1924 -0.7099 4.2934 
H 3.8784 0.635 5.5115 
H 3.6505 1.9768 4.4042 
C 1.9558 2.0681 -0.3726 
C 2.9221 3.1537 0.1116 
C 1.6161 2.2136 -1.8642 
H 1.0156 2.2341 0.1804 
C 2.4016 4.544 -0.2449 
H 3.9123 3.0115 -0.329 
H 3.0526 3.0832 1.194 
C 1.117 3.6151 -2.1941 
H 2.503 2.0024 -2.4717 
H 0.8667 1.4642 -2.152 
C 2.1056 4.6784 -1.733 
H 3.131 5.2964 0.0703 
H 1.4875 4.7459 0.3287 
H 0.9364 3.6966 -3.2705 
H 0.1479 3.782 -1.7056 
H 1.7194 5.6778 -1.9549 
H 3.0393 4.5765 -2.3017 
C -3.0791 -0.6335 -1.5993 
C -4.6057 -0.6171 -1.6884 
C -2.4163 -0.0284 -2.8405 
H -2.7776 -1.6898 -1.569 
C -5.0654 -1.3114 -2.9685 
H -4.9821 0.4107 -1.677 
H -5.0424 -1.121 -0.8204 
C -2.9009 -0.7245 -4.1073 
H -2.6486 1.0414 -2.9065 
H -1.3256 -0.1075 -2.7524 
C -4.4214 -0.6983 -4.2059 
H -6.1563 -1.2651 -3.04 
H -4.805 -2.377 -2.9129 
H -2.4489 -0.2528 -4.9853 
H -2.5528 -1.7663 -4.1024 
H -4.7521 -1.226 -5.1054 
H -4.7606 0.3403 -4.3164 
C -2.2889 1.9046 -0.164 
C -3.5768 2.6099 -0.5991 
C -1.7507 2.496 1.1468 
H -1.5381 2.1029 -0.9452 
C -3.35 4.1156 -0.7079 
H -4.3762 2.4145 0.1211 
H -3.9195 2.2229 -1.561 
C -1.5522 4.0031 1.0394 
H -2.4564 2.2906 1.9582 
H -0.8128 2.005 1.4367 
C -2.8312 4.7026 0.598 
H -4.2825 4.6047 -1.0052 
H -2.6278 4.3153 -1.5114 
H -1.2067 4.398 2.0002 
H -0.7571 4.2139 0.3137 
H -2.6577 5.7774 0.4909 
H -3.5963 4.59 1.3774 
C -1.6959 -3.4621 0.4036 
H -1.6899 -3.5195 1.4988 
311 
H -2.5783 -2.8744 0.1459 
C 1.2525 -3.1702 1.0327 
H 1.0361 -2.6966 1.9997 
H 2.2144 -2.761 0.721 
C 0.1007 -3.0305 -1.9874 
H 0.3032 -4.11 -2.0266 
H -0.9003 -2.9199 -2.425 
C -1.8749 -4.8613 -0.197 
H -1.0212 -5.5158 -0.0099 
H -2.756 -5.3535 0.2243 
H -2.0169 -4.8177 -1.2798 
C 1.3666 -4.6845 1.2145 
H 2.1942 -4.9344 1.8845 
H 0.4614 -5.1122 1.6514 
H 1.5526 -5.1994 0.2673 
C 1.1116 -2.279 -2.841 
H 0.9464 -1.1985 -2.793 
H 2.1366 -2.4696 -2.5175 
H 1.045 -2.5793 -3.8905 
 
[(PCy3)2Pd−SiEt2Me]+ (A.2)  
Pd -0.0359 -0.2273 0.0185 
Si -0.0082 -2.5524 -0.0498 
P 2.2794 0.2982 0.0106 
P -2.3372 0.0393 -0.0567 
C -3.3696 -0.6463 1.3172 
C -2.5269 -0.8858 2.5754 
C -4.6502 0.1166 1.6683 
H -3.6688 -1.6319 0.9345 
C -3.329 -1.6436 3.6268 
H -2.1997 0.0769 2.987 
H -1.6135 -1.4305 2.3182 
C -5.4538 -0.6528 2.7139 
H -4.3906 1.0999 2.076 
H -5.2609 0.2959 0.7803 
C -4.6281 -0.9224 3.9656 
H -2.7221 -1.7845 4.5268 
H -3.5579 -2.6486 3.247 
H -6.3596 -0.0927 2.9657 
H -5.7895 -1.6052 2.2824 
H -5.2096 -1.5052 4.6861 
H -4.3952 0.0315 4.4575 
C 3.4864 -0.3923 -1.2145 
C 4.6701 0.4962 -1.6119 
C 3.9702 -1.7755 -0.7618 
H 2.8683 -0.5358 -2.1129 
C 5.522 -0.1846 -2.6806 
H 5.2894 0.7156 -0.7364 
H 4.3192 1.4577 -1.9918 
C 4.8271 -2.4403 -1.8337 
H 4.5592 -1.6764 0.158 
H 3.1218 -2.4187 -0.5189 
C 6.0021 -1.5581 -2.2325 
H 6.3716 0.4574 -2.9326 
H 4.9302 -0.288 -3.6001 
H 5.1784 -3.4114 -1.4712 
312 
H 4.2061 -2.6453 -2.716 
H 6.5846 -2.0353 -3.0261 
H 6.6805 -1.4463 -1.3763 
C 2.9925 0.2065 1.7139 
C 4.4289 0.6816 1.9442 
C 2.0085 0.8629 2.6903 
H 2.9707 -0.8715 1.925 
C 4.8356 0.4681 3.4007 
H 4.53 1.7409 1.6908 
H 5.1189 0.1405 1.2922 
C 2.4422 0.6543 4.1365 
H 1.943 1.9394 2.4851 
H 1.0033 0.4508 2.5307 
C 3.8672 1.1429 4.3633 
H 5.8529 0.8408 3.5546 
H 4.8665 -0.6091 3.6123 
H 1.7465 1.1662 4.8091 
H 2.3796 -0.4148 4.3793 
H 4.1711 0.9599 5.3982 
H 3.9069 2.2308 4.218 
C 1.9344 2.0781 -0.4268 
C 2.9681 3.1552 -0.0871 
C 1.4889 2.1525 -1.895 
H 1.045 2.3079 0.1843 
C 2.4494 4.5393 -0.4704 
H 3.9105 2.9592 -0.6067 
H 3.1928 3.1381 0.9817 
C 0.9886 3.5459 -2.256 
H 2.3274 1.8942 -2.5515 
H 0.7101 1.4035 -2.0908 
C 2.0319 4.6081 -1.9336 
H 3.2172 5.2886 -0.2548 
H 1.5898 4.7902 0.1657 
H 0.719 3.5778 -3.3163 
H 0.0678 3.7586 -1.696 
H 1.647 5.604 -2.1726 
H 2.9122 4.4571 -2.5721 
C -3.0633 -0.5257 -1.6605 
C -4.5877 -0.5308 -1.786 
C -2.3873 0.198 -2.8291 
H -2.7357 -1.5729 -1.7164 
C -5.0071 -1.1172 -3.132 
H -4.9841 0.4858 -1.6936 
H -5.034 -1.1157 -0.9757 
C -2.8306 -0.3945 -4.1624 
H -2.6393 1.2651 -2.8085 
H -1.2974 0.1291 -2.7246 
C -4.3486 -0.386 -4.2952 
H -6.0969 -1.083 -3.2237 
H -4.728 -2.1789 -3.1647 
H -2.3684 0.1595 -4.9854 
H -2.4631 -1.4267 -4.2385 
H -4.6485 -0.838 -5.2452 
H -4.7055 0.6523 -4.3222 
C -2.3372 1.899 -0.0325 
C -3.616 2.6489 -0.4145 
313 
C -1.7773 2.4116 1.3019 
H -1.5902 2.1346 -0.8077 
C -3.3528 4.1524 -0.4609 
H -4.4071 2.4402 0.3113 
H -3.985 2.3123 -1.3858 
C -1.5338 3.9153 1.2569 
H -2.4867 2.1888 2.1067 
H -0.8518 1.8816 1.5639 
C -2.7963 4.6696 0.8596 
H -4.2771 4.6781 -0.719 
H -2.64 4.3688 -1.2684 
H -1.1679 4.2599 2.2293 
H -0.7382 4.1315 0.5317 
H -2.5922 5.7423 0.7927 
H -3.5533 4.5486 1.6455 
C -1.6534 -3.4749 0.1649 
H -1.8537 -3.572 1.2387 
H -2.4899 -2.9012 -0.2389 
C 1.105 -3.0716 1.3895 
H 0.7135 -2.5897 2.2946 
H 2.105 -2.6547 1.2493 
C 0.6525 -2.9636 -1.7637 
H 0.941 -4.0187 -1.8275 
H -0.1242 -2.7933 -2.5157 
H 1.5166 -2.3619 -2.0459 
C -1.6554 -4.8552 -0.5004 
H -0.8381 -5.4908 -0.1527 
H -2.5879 -5.387 -0.2914 
H -1.5634 -4.7762 -1.5866 
C 1.2024 -4.5827 1.6077 
H 1.8825 -4.8146 2.4321 
H 0.2339 -5.0221 1.8583 
H 1.5814 -5.1013 0.7221 
 
[(PCy3)2Pd−SiMe2Et]+ (1.3) 
see Chapter 1.4.8. 
 
TfO−SiEt3 
Si 0.7548 -0.4146 0.1348 
C 1.3339 0.7535 1.4697 
H 2.4301 0.7486 1.4574 
H 1.0497 0.321 2.4384 
C 1.3345 -2.1721 0.3863 
H 1.1903 -2.7243 -0.5501 
H 2.4156 -2.1625 0.5635 
C -1.0649 -0.2833 -0.2526 
H -1.286 0.7599 -0.5071 
H -1.6242 -0.484 0.6709 
O 1.4529 0.1381 -1.3778 
S 2.9268 0.0404 -1.8861 
O 3.8358 -0.1369 -0.7767 
O 3.0018 -0.7946 -3.0539 
C 3.1101 1.799 -2.4638 
F 4.3221 1.9525 -2.9708 
F 2.2075 2.0766 -3.3888 
314 
F 2.9566 2.6294 -1.4408 
C -1.5269 -1.2136 -1.3736 
H -2.5931 -1.0901 -1.5813 
H -0.9853 -1.0157 -2.302 
H -1.3655 -2.2652 -1.119 
C 0.6094 -2.8789 1.5336 
H -0.4704 -2.9311 1.363 
H 0.9662 -3.9047 1.6559 
H 0.765 -2.37 2.4898 
C 0.7989 2.1804 1.3529 
H -0.2917 2.2115 1.4294 
H 1.1982 2.8202 2.1444 
H 1.0745 2.6368 0.399 
 
TfO−SiEt2Me 
Si 0.769 -0.4439 0.0337 
C 1.3685 0.7895 1.2889 
H 2.4574 0.7605 1.3756 
H 1.0758 1.8087 1.0236 
H 0.9478 0.5714 2.2756 
C 1.3112 -2.1929 0.3931 
H 1.1225 -2.8056 -0.4965 
H 2.3975 -2.1974 0.535 
C -1.0501 -0.295 -0.3475 
H -1.2527 0.7429 -0.6378 
H -1.605 -0.4502 0.5872 
O 1.4704 -0.0091 -1.5122 
S 2.9651 0.0188 -1.9663 
O 3.8398 -0.2353 -0.8444 
O 3.116 -0.6821 -3.2109 
C 3.0893 1.8359 -2.3463 
F 4.3208 2.1055 -2.746 
F 2.2344 2.1659 -3.299 
F 2.8192 2.5418 -1.2553 
C -1.5414 -1.2578 -1.4278 
H -2.6071 -1.1212 -1.6298 
H -1.0055 -1.1063 -2.3682 
H -1.3981 -2.3018 -1.1339 
C 0.6077 -2.7962 1.6108 
H -0.4781 -2.8325 1.4782 
H 0.9437 -3.8196 1.7964 
H 0.8072 -2.2239 2.5219 
 
TfO−SiEtMe2 
See Chapter 1.4.8. 
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